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CHAPTER I 

Coal tar — ^its composition — effect of nature of raw material and heat of 
carbonisation on physical properties and chemical composition of tar 
— ^results of practical distillations — coalite tar — vertical retort tar — 
increasing toluene in tar — "free carbon " of tar 

Coal tar is such a familiar material that it is unnecessary to 
give a description of its appearance. It is a very complex 
mixture of chemical compounds, chiefly of the aromatic series. 
The manner in which it is prepared and the nature of the raw 
material (coal) influence to a wide extent its chemical com- 
position and physical properties. Dealing first with its chief 
physical constant, specific gravity, this varies in practice 
between 1.090 and 1.215, according to the temperature of 
carbonisation or kind of retort employed. The lower-gravity 
tars are generally produced when low carbonisation temperatures 
are used, or if the coal is carbonised in chamber or vertical 
retorts. High heats in horizontal retorts produce tar of high 
specific gravity. Viscosity is affected in a similar manner. 
Reference to Tables I and II will illustrate these statements. 



TABLE I 




1 High Heat 

Tar. Horizontal 

Retorts. 

Temp, approx. 

I 100* C. 



Specific gravity 
at 60° F. . 



1.207 



1 Low Heat 
Tar. Horizontal 2 Vertical 
Retorts. Retort 
Temp, approx. Tar. 
Soo" C. 1 

i 


3 Chamber 

Retort 

Tar. 


I.OOO , I.IO to 1. 12 

1 


I.l8 



1 Lewis T. Wright, Jour, of Gas Lighting, vol. lii. p. 169. 

* Higher figure from Proc. Inst. Gas Engineers, 1908, p. 130. 

» Gas World, Feb. 26, 191 o, p. 262. 
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TABLE II 1 










Tar^A; 


EngUsh 
-Engler 


Coal. 




Viscosity- 


degrees. 




Horizontal Retorts. 

550.0 

( 51.0 
23.0 
1.246 


- 


Vertical Retorts. 


At 20° C. . . 

„ 50° c. . 

„ 70° C. 
Specific gravity 


39-3 

3.9 
2.2 

1. 124 



The absolute chemical composition of coal tar is far from 
settled, and even at the present day comparatively little is 
known about it. When tar is submitted to destructive dis- 
tillation upwards of 190 definite chemical compounds can be 
separated from the distillates and the pitch. Whether they 
all exist in the tar before it is destructively distilled is not 
certain. That Hght products which distil at comparatively 
low temperatures, such as carbon disulphide, benzene, toluene, 
xylene, phenol, and also some naphthalene, do exist as such 
in coal tar is an established fact, but whether the same is the 
case with all of the higher molecular weight compounds is 
doubtful. It is probable that some of them are formed by 
the decomposition of lower molecular weight compounds, and 
also by condensation (the combination of two or more mole- 
cules of the same or of different substances with the separation 
of water). 

A fact to be borne in mind is that the coal tars turned out 
by the many gasworks in the world vary very much not only in 
their ultimate chemical composition, but in regard to the per- 
centage and quahty of the distillates and the pitch obtained 
from them when submitted to distillation in a tar distillery. 
In practice, coal tar on distillation is split up into the following 
chief fractions : — ^Ammoniacal hquor, crude naphtha, light oil, 
light creosote or carbolic oil, creosote, anthracene oil, and pitch, 
and it is from these that many valuable products are recovered. 

It has been proved in practice that the nature of the raw 
material and the temperature of carbonisation affect the 
chemical composition, and, therefore, the quality of the tar. 
DeaHng with the first condition, very shaley coal, or cannel 
coal, produce tars which yield on distillation products contain- 
ing a large quantity of bodies of a parafhnoid nature. As 
paraffins are undesirable substances to certain users of coal 

^ Dr W. AUn^r, See Jour, of Gas Lighting, July 11, 1911. 



CONSTITUTION OF TARS 3 

tar distillates, the occurrence of these bodies will, of course, 
in such cases lower the market value. Practical working has 
shown that North Country coal yields a tar which on distilla- 
tion gives a fairly low percentage of light oils and a rather 
high yield of creosote, naphthalene, and anthracene, while tar 
produced from Midland and Yorkshire coals yields on distilla- 
tion rather more Hght oils and less creosote, naphthalene, and 
anthracene ; that is if comparative methods of carbonisation 

and temperatures are employed. . 

With reference to the effect of the temperature of carbonisa- ( 
tion on the constitution of tars, it is found that those produced at ' 
low temperatures yield on distillation, in addition to phenols of 
the carbohc acid series, phenols of a different series rather less 
acid in behaviour and probably of the creosol and guaiacol tyge. 
Also, there is a smaller jdeld of naphthalene and of the benzene" 
hydrocarbons, and a large percentage of hydrocarbons of the 
paraffin and olefine series. Instead of most of the nitrogen 
occurring in the form of pyridine bases it appears in the form of 
aniline and its homologues. The amount of " free carbon '' is 

also small. On the other hand Vii^h fpmpprafnrp far< i p. \\\c\^c^ _ 

produced at high heats of carbonisation of coal, yields on distilla- 1 
tion only traces of paraffinoid hydrocarbons, the predominating 
hydrocarbons being those of the benzene, naphthalene, and 
anthracene series. The nitrogen occurs principally in the form 
of pyridine bases, and 'the phenols consist chiefly of carbolic \ 

acid and its homologues. The percentage of ** free carbon "is > 

generally high. In the writer's opinion the high percentage of~^ 
'^free carbon " is not due so much to the high heats employed as J 
to tTie shape of the retort and the amount of free space. This 
is borne out by the comparatively low ** free carbon ** content 
of tars from heavily charged retorts, and the very low ** free 
carbon '' content of vertical retort tar. It has been found in 
practice that tar obtained from heavily charged retorts is of a 
superior quality to that produced from hght charges, in that 
it is much thinner, contains less ** free carbon '' and a higher 
percentage of light oils. This type of tar appears to hold 
less water in suspension, which is a distinct advantage. 
Figures ^ on record show that there is a drop in the specific 
gravity from 1.185 to 1.105. In Hghtly charged retorts, in 
which there occurs a good deal of free space, part of the gas and 
probably some of the tar is " cracked *' into lighter materials 
and ** free carbon," and this latter substance to a very large 
extent is carried up the ascension pipes and arrested by the tar 
in the hydraulic main^ Table III illustrates this and gives 
other useful information|f 

* Jour, of Gas Lightings October 12, 1909. 
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TABLE III » 





Tar from 


Works using 

high heats 

and 

light charges. 

Per cent. 


Works using 
moderate heats 

and fairly 
heavy charges. 

Percent. 


Continuous 
Vertical 
Retorts. 

Percent. 


Water .... 

Light oils 

Carbolic and creosote oils 

Anthracene oil 

Pitch .... 


2.0 

1.0 

14.0 

5.0 

78.0 


2.0 

6.0 

32.0 

4.0 
56.0 


2.0 

5.6 

41.4 

4.0 

47.0 


** Free carbon *' in pitch . 


36 


17.0 


5.5 



The average results of some practical distillations made by 
the writer, using Yorkshire, Northern, and Midland tars, are 
given in Tables IV, V, and VI. 





TABLE IV 








1 


Yorkshire Tar. 


Norther 

Gallons per 
ton tar. 


■nTar.« 




Gallons per 
ton tar. 


Per cent, 
by weight. 


Percent, 
by weight. 




Ammoniacal liquor 
Crude naphtha 
Light oil 
Creosote 
Anthracene oil 
Pitch . 


1.8 

10.5 
12.3 

53-5 
6.0 

ii.5cwts. 

per ton 


0.82 

4-36 

5-43 
24.84 

2.92 
57-80 


25.10 

2.20 

6.70 

3360 

21.40 

ii.6ocwts. 

per ton 


II.5 
0.9 

30 

10.4 

57-5 





* E. G. Stewart, Trans. Lond. and Southern District Junior Gas Assn., 
1911-12, p. 43. 

* A very watery type of tar. 
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TABLE V 



Midland Tar 





Gallons per 
ton tar. 


Percent, 
by weight. 


Ammoniacal liquor 

Crude naphtha 

Light oil ... . 

Middle oil . 

Creosote and anthracene oil 

Pitch 


4.50 

4.36 
18.20 

9.20 
31.80 
12.90 cwts. per ton. 


2.06 
1.82 
8.20 
4.26 
15.10 
64.50 



TABLE VI 


Ultimate Products from Midland Tar 


90*8 benzol . 

90 per cent, at 160° C. 

Heavy naphtha . 

5o*s carboUc 

Cresylic 

Pjnidine bases 

Creosote 

Pitch .... 




1.85 gallons per ton 
3.10 
. 0.75 

■ 3.75 

. 3.40 

0.30 

. 55.25 

. 13.20 cwts. 



When considering the low temperature tars the fact that 
they contain paraffinoid bodies should not be overlooked. 
CoaUte tar is a member of the class of tars containing these 
bodies. This tar varies in specific gravity between 1.050 and 
1.070 ; it contains practically no *' free carbon " or naphthalene, 
and the first products of distillation are very volatile. It is 
these distillates which contain the paraffin bodies, and from 
the tar distiller's point of view render the tar valueless. It 
should find use as a fuel oil, or if sufficient volume can be 
obtained to warrant separate storage and distillation, the 
hghter distillates could be employed, after rectification, for 
motor spirit and the heavier distillates for fuel oil. Table VII 
gives the results of two analyses of coalite tar. 
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TABLE VII 
Coalite Tar 



(b) 



Specific gravity 


1.07 


Specific gravity . 


. 1.075 




Percent. 




Per cent, by vol. 


Below 170° C. 


. 10.8 


Water 


2.64 


i70°-27o° C . 


. 20.0 


Up to 170** C. . 


. 3.10 


27o°-350° C. . 


. 300 


I70°-225**C. 


• 13.72 


Pitch 


. 39.2 


225**-240** C. 


• 8.35 






240^-270** C. 


. 8.35 






270°-300** C. 


. 8.80 






300^-320° C. 


. 12.31 
Per cent, of tar. 






Pitch 


. 40.00 



Unfortunately, vertical retort tar exhibits the same fault as 
coalite tar in that it contains parafiinoid bodies. On this 
account it is not possible to prepare from it suitable benzol 
and toluol from which to manufacture pure benzene and toluene 
and their derivatives. From an inspection of Table VIII it 
will be seen that the specific gravity of this tar and also the 
'* free carbon " content are very low. On distillation, compared 
with coal tar from horizontal or inclined retorts, it yields a 
smaller percentage of benzol and toluol, very Httle phenol, and 
practically no naphthalene. The ^itch is of a finer quality 
than that obtained from horizontal or inchned retort tar, in that 
it is brighter and contains very Httle free carbon. 



TABLE VIII 



Vertical Retort Tar (Dessau) 



Specific gravity 


1.084 




Percent. 


Free carbon . 


1.06 


Volatile in pitch 


• 77.7 



Specific gravity of pitch . 1.19 



Per cent, by weight 


Ammoniacal liquor 


. 4.40 


Up to 170° C. . 


■ 3.75 


i70°-270° C. 


. 33-6o 


270*^-350° c. . 


8.00 


Pitch 


48.25 



1 Gas World, May 5, 1909, p. 654. 

« Prof. Lewes (see Chem. Trade Jour,, Dec. 23, 191 1, p. 633). 
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Vertical Retort Tar (Glover- West Continuous)* 



Specific gravity 

Free carbon . 
Pitch . 



• 1074 
Per cent. 

• 3-40 
very soft 



Water 

Light oils to 170** C. . 

Carbolic oils to 230° C. 

Creosote oils to 270* C. 

Anthracene to 310° C. 

Pitch 



Per cent, by weight 

1.3 

5.0 

16.0 

8.9 

7-9 
60.9 



At the time of writing (1917) the subject of increasing the 
yield of toluene from tax is receiving a great deal of attention 
on account of the importance of this material in the manu- 
facture of munitions of war. One of the most interesting 
investigations in this connection is that of G. Stevenson,^ who 
finds that the mixing of limestone with coal prior to charging 
into the retorts increases the yield of toluene from the tar 
obtained. Some of the results he secured are set out in Table IX. 



TABLE IX 
Quantity of Tar taken, 9000 c.c. 





Normal 

carbonisation with 

"C" washing. 


Limestone used, 
No "C" washing. 


Limestone used 

andako 
"C" washing. 


Crude naphtha 

Middle oils . 

Toluene in tar, Ibs.^i 
per ton of coal / 


176 C.C. 
720 C.C. 

0.27 


320 C.C. 
850 C.C. 

0.41 


508 C.C. 
800 C.C. 

1. 01 



From time to time '\free carbon " has been a subject of 
interest and speculation as to its composition. The result of 
many quahtative experiments has caused the writer to come to 
the conclusion that this material is not pure or elemental 
carbon, but a mixture of this material with other bodies of a 
high carbon content. This conclusion is supported by the 
work of Hubbard and Reeve,^ who have made several ultimate 

* D. Fulton, Gas World, March 13, 191 5, p. 298. 

* Gas World, January 29, 191 6. 

* Proc. Am. Soc. Testing Materials, ii. (191 1), 665. 
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analyses of " free carbon " with the results shown in Table X, 
and also by the work of J. M. Weiss.^ The result of an analysis 



TABLE X 

From To 

Carbon . . .90.17 94.26 

Hydrogen . . 2.59 3.31 

Oxygen . . . 1.81 5.91 

Sulphur . . . 0.50 1.78 

Nitrogen — no trace upon a qualitative test. 

of average " free carbon " from coal tars made by this worker 
is given in Table XI. 



TABLE 

Works Samples from 



Conditions. 



Horizontal retorts. 

Two ascension pipes, charges 5f cwts. in 6 hours, 1800* Fahr. 

Two ascension pipes, charges 6 J cwts. in 6 hours, 1950® Fahr. 

Two ascension pipes, charges mostly 12 cwts. in 12 hours, 1900° Fahr. 

One ascension pipe, charges 9 J cwts. in 8 hours, 1950' Fahi. . 
Inclined retorts. 

One ascension pipe, charges mostly 6 cwts. in 6 hours, 1900** Fahr. 



* Jour, Indust. and Eng. Chem. vol. vi. No. 4, p. 279, April 191 4. 
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Carbon 

Hydrogen 

Nitrogen 

Oxygen 

Sulphur 

Mineral ash 



TABLE XI 

89.85 

3.30 
1. 10 

3.13 (by difference) 
1.28 

1.34 

The inference drawn by Weiss from many of his experiments 
is that the solvents used actually enter into combination with 
some of the constituents of the tar, and that the longer the 
time allowed for the solvents to act the larger the amount of 
compound formed and the greater the amount of insoluble 
residue (" free carbon ") obtained. 

In a paper read before the Scottish Junior Gas Association 
Dr Davidson^ gave some interesting figures dealing with the 
variation in the composition of tar according to the kind of 
retort and the carbonising temperature employed. These 
figures will no doubt be found useful for the purpose of com- 
parison, and they are reproduced in Table XII. The figures are 
reckoned on the dry basis. 



XII 
Sales Tanks 



Specific 


Free 
Carboo. 

Percent 

by 
weight. 


Percentage by volume. 


Gravity. 


Up 

to 

ioo*C. 


loo" 

to 

130" C. 


130* 

to 

170" C. 


xro" 

to 
330' c. 


230" 

to 
370' c. 


270' 
to 

330" c. 


Above 
33o« C. 
(Pitch). 


! 

1. 182 


16.4 


1.4 


1.9 


0.3 


14.7 


9.5 


"3 


60.9 


1. 191 


20.3 


2.1 


1.3 


O.I 


12.5 


10.8 


8.1 


65.1 


1. 129 


13.9 


2.0 


0.6 


0.4 


18.9 


12.8 


13.6 


51.7 


1.200 


20.2 


1.5 


0.7 


0.8 


12.7 


II. I 


8.5 


64.7 


1. 176 


19.4 


2.0 


0.7 


0.4 


15.1 


II. 2 


11.4 


59.2 



* "Tar and Liquor." See Gas World, April 18, 1914, pp. 523-7. 
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TABLE 



Coal Test Plant 



Conditions. 



Horizontal retorts. 

Coal " A " (Derbyshire)— 

(i) Coalite conditions ...... 

(2) Ordinary conditions, 6.4 cwts. in 6 hours, 1980° Fahr. 
Coal " B " (Yorkshire)— 

(i) 4.54 cwts. in 6 hours, 1640° Fahr. 

(2) 4.87 cwts. in 6 hours, 1975° Fahr. 
Light and heavy charges. 
Coal " C " (Derbyshire)— 

(i) 6.41 cwts. in 6 hours, 1980° Fahr. 

(2) 12.21 cwts. in 12 hours, 2065° Fahr. 
Coal " D " (Derbyshire)— 

(i) 6.52 cwts. in 6 hours, 2020° Fahr. 

(2) 9.59 cwts. in 9 hours, 1980° Fahr. 
Coal " E " (Derbyshire)— 

(i) 6.49 cwts. in 6 hours, 1990° Fahr. 

(2) 13.41 cwts. in 12 hours, 1996° Fahr. 
Wet and dry mains. 
Coal"F"— 

(i) Wet main, 6.41 cwts. in 6 hours, 1980° Fahr. 

(2) Dry main, 6.51 cwts. in 6 hours, 1980° Fahr. 
Coal " G "— 

(i) Wet main, 6.41 cwts. in 6 hours, 1920° Fahr. 

(2) Dry main, 6.35 cwts. in 6 hours, 1965° Fahr. 
Poor and rich coals. 

(i) Derbyshire, 6.23 cwts. in 6 hours, 1990° Fahr. . 

(2) Yorkshire, 6.49 cwts. in 6 hours, 2025° Fahr. 

(3) Wigan cannel, 5.74 cwts. in 6 hours, 2040° Fahr. 
Dessau vertical retorts. 

(1) Coal *' H " (Yorkshire) 

(2) Horizontals for comparison, 6.44 cwts. in 6 hours, 2070° Fahr. 
Woodall-Duckham vertical retorts. 

(1) Coal ** I " (Derbyshire) 

(2) Horizontals for comparison, 6.41 cwts. in 6 hours, 1910° Fahr. 



"FREE CARBON" OF TAR 
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XII. (continued) 



Experiments 



Specific 
Gravity. 


Free 
Carbon. 

Per cent. 

by 

weight. 






Percec 


itage by volume. 

170" 230" 

to to 

230" C. 270^ C. 


270" 

to 

330- C. 


Above 
(pSch)'. 


Up 
to 
' 100" C. 


100* 

to 

130' C. 


130" 

to 

I70'* C. 


I.I20 


7.6 


1 
1 

3.7 


3.2 


O.I 


18.4 


10.9 


13.2 


50.5 


1. 190 


19.1 


1.5 


1-5 


0.4 


10.9 


J0.7 


10.3 


64.7 


1. 160 


• • 


12.7 


2.1 


1.6 


4.8 


16.1 


12.5 


50.2 


1.234 

1 


27.5 


3.5 


I.I 


0.8 


7-9 


7.3 


7.6 


71.8 


1. 190 


19.I 


1.5 


1.5 


0.4 


10.9 


10.7 


10.3 


64.7 


1. 150 


159 


1.9 


1.6 


0.4 


17.1 


11.4 


15.5 


52.1 


1 1. 211 


23.8 


1.7 


2.7 


0.0 


8.9 


lO.O 


7-7 


69.0 


1. 151 


15.5 


3-9 


3.2 


1.4 


14.1 


10.2 


"5 


55.7 


1 

i 1. 177 


20.5 


2.4 


5.1 


0.3 


13.2 


12.0 


7.8 


59.2 


1 1. 107 

1 


• • 


1.6 


0.8 


0.1 


21.7 


II. 


14.2 


50.6 


1 

1 

1. 1 90 


19.I 


1.5 


1.5 


0.4 


10.9 


10.7 


10.3 


64.7 


1,210 


27.7 


0.7 


0.6 


0.5 


8.0 


9.1 


5.2 


75.9 


1. 158 
I.2I5 


18.9 
26.8 


2.9 

I.O 


0.7 
0.9 


1.2 
0.4 


145 
8.6 


9.8 
8.7 


11.8 
10.2 


59.1 
70.2 


1. 190 


24.6 


1.4 


0.9 


0.2 


12.2 


10.3 


10.9 


64.1 


1.229 


28.4 


1.6 


1.0 


0.3 


10.2 


9.1 


7.9 


69.9 


• • 


II.4 


4.6 


3.9 


1-4 


5.2 


8.9 


4.6 


71.4 


1. 14 


4-47 


0.6 


0.4 


0.4 


12.0 


10.7 


13.1 


62.8 


1. 216 


25.8 


1-7 


1.4 


0.1 


lO.O 


9.2 


7-9 


69.7 


I. no 


3.8 


1.7 


2.9 


0.5 


12.2 


II.8 


8.6 


62.3 


1. 190 

1 


19.1 


1.5 


1.5 


0.4 


10.9 1 


10.7 


10.3 


64.7 



12 



COAL TAR DISTILLATION 



In Table XIII will be found some figures relating to tar 
obtained from Woodall-Duckham vertical retorts. 



TABLE XTII 




lation of Tar obtamed from Woodall-Duckham Vertics 


• 


No. I. 

Moderate heats. 

Perceat. 


No. 2. 

Higher heats 

Percent. 


Up to 100° C. . 


1.5 


0.6 


100 — 130 


I.O 


1.8 


130—170 


2.2 


0.4 


170 — ^230 


II.4 


16.2 


230 — 270 


17.5 


14.2 


270—330 


18.0 


15.7 


330—350 


12.4 


6.9 


350—370 
Pitch . 


12.0 
24.0 


9.0 
35.2 



The writer considers the figures given by Tooby for the pitch 
are rather too low. On the practical scale distillation is stopped 
at a temperature varying between 310° and 320° C, whereas 
in the table the residue above 370° C. has been taken as pitch. 

* Chas. F. Tooby: "Notes on the Working of the Woodall-Duckham 
Installation of Vertical Retorts at Windsor Street, Birmingham." M. J. 
G. Assn. : Gas World, Jan. 24, 191 4. 
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CHAPTER II 

How tax is received from gasworks — ^tar tips — storage of tar-construction 

of storage tanks — ^pumps — ^tar mains. 

Tar is delivered to the distillers from the gasworks in railway 
tank waggons, lighters or keels, tar carts, and, less frequently, 
the distillery is connected direct to the source of supply by a 
pipe-line. Examples of the last named are to be found in 
London, Birmingham, and some other towns. Consideration 
will not be given here to the construction of the tank waggons 
and the other vehicles of transport, beyond stating that cylin- 
drical tank waggons are the best to use for tar carriage. 
A few words, however, on the plant and methods employed for 
emptying them on their arrival at the distillery is necessary. 

It is usual to provide a tar-tip into which these vehicles 
can be emptied prior to running or pumping the tar to storage 
tanks, but it should be mentioned that in some cases the tar is 
run direct into an underground tar storage tank or tar well. 
The tar-tip for railway tank waggons may be constructed 
between the railway metals or on the side of the permanent 
way, but the latter position is perhaps the better both from 
the point of view of safety and convenience. A spot should 
be chosen at a suitable part of the works siding, and, of course, 
the position should be one which will allow the waggon to pass 
over a weighbridge first. A hole of sufficient size should be 
dug between the metals and the bottom well puddled with 
clay. A covered wrought-iron tank, well coated with a 
bituminous iron protective solution on the outside and pro- 
vided with a 14-inch diameter hole and cover, is lowered into 
the excavation, the sides and top well puddled, and the earth 
filled in on the top to the sleeper level. The tank may be built 
of brindled or Staffordshire blue bricks set in cement, or of 
reinforced concrete, and in both cases the excavation should 
be well puddled first. 

In the writer's opinion a wrought-iron tank is the easier to 
put in and the more suitable for tins particular work. The tank 
capacity should be at least that of a large railway tank waggon ;• 
and the writer would add in this connection that he has used 
with economy, and to great advantage, the tank portions of 
old railway tank waggons after they have been overhauled. 
It is, of course, necessary to provide an outlet for the tar 
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and to connect this outlet up to a pump. In the case of old 
railway tank waggons the discharge outlet can be conveniently 
used, or, if desired, this can be closed, and an outlet cut in one 
of the sides of the tank near the bottom. As the tar gets very 
thick in cold weather it is an advantage to use tank waggons 
provided with a steam coil and to see that a steam main and 
suitable connections are rigged up near the tip. Warming up the 
tar will expedite the process of emptying considerably. As 
many tank waggons are not fitted with a steam coil, arrange- 
ments should be made so that a flexible steam-pipe can be 
inserted into the tank on its arrival. This is done by connecting 
to the steam rig a piece of i-inch or ij-inch flexible metallic 
tubing of sufiident length to allow a foot or two to rest on the 
bottom of the tank, or else using i-inch to ij-inch steam-pipe, 
employing the necessary elbows and bends to render the 
piping flexible and to allow it to adapt itself to the position. 
Unfortunately, open steam is forced into the tar, and this means 
that it will become mixed with a certain amount of condensed 
water. Also there is some risk of noxious vapours escaping 
from the manhole of the tank : covering this with sacking wiU 
minimise this trouble. 

The tip for a tar cart can be constructed in a similar manner 
to that just described. If it is desired to put in a small tank 
care should be taken to see that it holds rather more than the 
volume contained in the cart (approximately 270 gallons), 
and as to its position, it is advisable to place it as near the 
emptying pump as possible. 

To empty keels and lighters it is necessary to run a pipe 
line to the canal or river side, and fit suitable flange connections 
at the end, to which a flexible suction pipe may be attached. 
The flexible portion may be of wire-bound leather or flexible 
steel tubing (the latter is the better) ; and the internal diameter 
of this and the pipe line should not be less than 4 inches — 
6 inches is preferable. 

There are works in existence which pump the tar as received 
direct into the stills, but this is a plan much to be deprecated, 
and, of course, in large works one which could not be adopted. 
The chief reasons why tar should be stored are (a) to allow 
much of the entangled liquor (ammoniacal water) to separate, 
and thus reduce the period and expense of distillation, and 
(b) to keep a sufficient stock in the works to enable it to be run 
during the " low make '' season at the various gasworks from 
which the supply is drawn. It must be obvious that storage 
tanks should be of large capacity, and there are tanks now built to 
hold as much as 1,000,000 gallons. They are constructed above 
and below ground, and in the latter case are often known as wells. 

Storage tanks erected above ground are, if built of wrought- 



STORAGE TANKS 15 

iron or mild steel, cylindrical in form, or if constructed of re- 
inforced concrete, cubical or rectangular solid in shape. Those 
built below ground are generally constructed of brick or re- 
inforced concrete, and may be cylindrical, rectangular solid, or 
cubical in shape — ^the two last-named kinds being the general rule. 

As these tanks are required to hold a very considerable 
weight of material, often upwards of 3500 tons, it is necessary 
that a site be chosen where the strata is firm, and that a good 
foundation be put in. If the nature of the strata is not known, 
it is advisable to make one or two borings at the chosen site. 
In the case of underground tanks these borings should be carried 
to a depth greater than that of the depth of the tank and its 
foundation; for it is quite possible that the ground for some 
15 feet or 20 feet below the surface may be quite firm and then 
a few feet beyond this running sand or slippery clay may occur. 
In cases of this nature, if it is not possible to put the storage 
tank in another position, special precautions must be taken 
when building the foundation. Should the tank be constructed 
of brick, concrete, or reinforced concrete, and the foundation 
built on unsuitable strata, no precaution beirig taken for this 
state of affairs, an unequal settling may take place and produce 
cracking, the results of which would be serious. If the tank 
is built of iron and subjected to the same unsuitable conditions, 
the straining produced by unequal setthng would bring about 
leaking at the seams. On firm ground the concrete foundation 
need not be more than 18 inches thick. In cases where 
spongy ground has to be built upon, it is advisable to increase 
the thickness of the concrete and reinforce it with small section 
angle, tee, or aitch iron, arranged in lattice form. This makes 
a kind of concrete raft, which will practically do away with all 
risk of unequal setthng. 

It is very advisable to build the sides of concrete tanks on 
the reinforced principle. They may be built on the Monier 
system, in which expanded metal or wire network formed of iron 
wire is arranged so that the thickest are placed longitudinally 
and the thinnest transversely, or on the Hennebique system, in 
which round iron bars are employed ; in both cases, of course, 
the metal-work is surrounded by concrete. The sides of the 
tank may vary between 9 inches and 18 inches in thickness, 
according to whether the tank is below or above ground level, 
or to the size of the tank. One of the best mixings of concrete 
to use is 4 : 2 : 1 (G. E. Davis recommends 7:3:1), and it is 
very necessary that the materials be thoroughly mixed, that 
an excess or insufficiency of water is avoided, and that the 
aggregate is free from clay or loam. The wet concrete should 
be thoroughly punned, best with a pointed rammer, and the 
moulding j boards should not be removed until the concrete 
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is thoroughly set. It is absolutely essential that no tar (or 
creosote) be put into a concrete tank until it is quite set, and a 
period of several months should be allowed to elapse before 
putting the tank into use. If a concrete tank is constructed 
properly it will withstand a Uquid pressure of SJ lbs. per square 
inch without leaking. The inside of the tank should be rendered 
with neat cement. It is advisable to puddle round the sides 
of concrete tanks that are built below ground before fiUing in 
the earth. The top of the tank may be constructed of reinforced 
concrete, wood, or iron plates. 

If it is desired to build the tank of bricks, those of a non- 
absorbent type, such as brindled or Staffordshire blues, must be 
employed. The bricks should be set in cement, and the joints 
should, not be too thick, about ^ inch, and the tank must not 
be put into commission before the cement joints are thoroughly 
set. As the walls are being built up, good puddle should be well 
rammed round the outer side to a thickness of at least 12 inches. 
The thickness of the wall should be between 14 inches and 18 
inches, and it is advisable to 'render the inside of the tank with 
about i inch of neat cement. The top of the tank may be built 
of similar materials to those used for concrete tanks. Iron 
tanks are sometimes placed below ground, and if this is done 
it is essential that every care be taken in the riveting and caulking 
of the seams. It is wise to apply a good thick coat of pure 
bitumen paint, free from sedimentary matter, to the underside of 
the bottom and to the outsides of the tank. A concrete founda- 
tion should be made at the bottom of the excavation, the thick- 
ness of which will depend upon the condition of the ground 
underneath. Properly made clay puddle should be rammed 
round the sides before fiUing in the earth, and the tank may be 
covered in with a wood or iron roof. 

Reinforced concrete and iron tanks are the two kinds usually 
built above ground, and as the method employed in the con- 
struction of the former is the same as for those placed below 
ground, no further description is needed. The fact that they 
must be stronger must not be lost sight of. It is desirable, 
however, to consider briefly the construction of iron tanks. 
These tanks may be built to contain as much as 1,000,000 gallons, 
but a very usual size is between 250,000 and 400,000 gallons. 
As these tanks are erected in the open air, and, therefore, ex- 
posed to all conditions of weather, corrosion troubles will rapidly 
set in if they are not properly covered on the outside and under- 
side of the bottoms with a pure bitumen paint free from sedi- 
ment. The under side of the bottoms should be covered during 
erection, and the outsides after completion. It is absolutely 
essential that good sound work be put into the tanks during 
their erection, as from the time of completion they are generally 
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full, or partly full, of tar, and this condition will make it ex- 
ceedingly difficult, if not impossible in many cases, to carry out 
repairs without first emptying — a very awkward state of affairs 
to crop up, say, at a busy time. 

In all cases the seams should be double riveted and thoroughly 
caulked. Care should be taken that the rivets are not too short. 
They should be of sufficient length to allow the riveter to snap 
the tail of the rivet properly, and the height of a finished snap- 
head should be about three-quarters the diameter of the shank. 
Mild steel rivets of a good quahty should be used ; poor quaUty 
steel rivets are apt to fracture. Rivet holes should be drilled 
for preference ; in punching holes there is a great risk of an 
unseen fracttire occurring between one hole and another, a con- 
dition which may lead up to a serious leak when the tank is 
put into commission. 

The sheets of mild steel of which storage tanks are built 
should be, for preference, pressed into shape, and their thickness 
should vary, being greater for those plates which are to form the 
bottom ring than for those it is intended to use for the top and 
intermediate rings. The bottom plates need not be quite so 
thick as those of the bottom ring. As an example of the thick- 
ness of the various plates used in building a tank, the following 
will prove useful. 

The tank is required to hold approximately 300,000 gallons 
of tar, and in this case the diameter may be 55 feet and the 
depth 20 feet. A tank of this depth would be built up of four 
rings, each being 5 feet in width. The thickness of the plates 
composing the bottom ring should be ^ inch, the plates of the 
next ring ^\ inch, the next J inch, and the plates of the top ring 
^% inch. A thickness of J inch is quite sufficient for the bottom 
plates. The bottom angle ring should be coilstructed of 2 J 
inches by 2^ inches by | inch section angle steel, and the top 
angle ring of 2 inches by 2 inches by J inch section angle steel. 
Double riveted joints, with the rivets having a pitch of 2 inches, 
are used throughout. 

Many tanks are not covered, but if a cover is desired, it can 
be constructed of mild steel sheets of J inch in thickness, with 
the exception of the crown plate and the outer circle of plates, 
which should be of ^^ inch. The cover is generally supported 
by a middle stanchion, on the top of which are riveted radial 
arms reaching to the circumference of the tank. Two hatches 
about 3 feet square, provided with light cast-iron covers, should 
be put in the cover on the outer circle plates, and provision will 
also have to be made for the entry of the tar inlet pipe, and an , 
outlet for air and foul gas. This outlet pipe should be connected 
to a small purifier box to retain sulphuretted hydrogen, etc. 

If the storage tanks are not covered, it is usual to keep about 
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i8 inches of water on the top of the tar to prevent nuisance. 
It is necessary, however, to remove the water several times 
during the year, and as it will contain a certain amount of 
ammonia it shoud not be run to the drain, but sold as weak 
anunonia Kquor to an anmionia works, or in the event of the 
tarworks possessing an anmionia plant worked up in this. The 
tar inlet pipe should be so constructed that it reaches about 
two-thirds the way down the tank. This will avoid agitation 
of the top liquor and splashing during pumping, when the tank 
contains a considerable amount of tar. Of course this precaution 
need not be taken if the tanks are covered. The inlet pipe 
should be of wrought-iron and of a diameter of either 4 or 
6 inches. With regard to the outlet pipe for removing the tar 
the centre line of this should be about 9 inches from the bottom 
of the tank. This pipe can be made of cast-iron, or better of 
welded wrought-iron, and should be about 6 inches in length 
and of a diameter of 6 inches. It is carefully riveted to the 
tank and fixed by means of a flange to a best quaUty cast-iron 
plug-cock. If preferred a sluice valve can be used in place of 
a cast-iron plug-cock, but all the fittings must be of iron. 

It is a great advantage to provide storage tanks with 2-inch 
wrought-iron steam coils. They should be put in in the form 
of a gridiron and supported on rollers. A good method of 
putting the inlet and exhaust of these coils through the tank 
side is shown in Fig. i. The advantage of a steam coil is felt 
during the winter months, when tar, if it is cold, becomes very 
difficult to pump, owing to its increased viscosity. 

As it is an exceedingly difficult matter to dip a tar tank in 
order to find accurately the amount of tar and weak ammoniacal 
Hquor it contains, it is advisable, in order to check the dips, to 
insert a series of J-inch pet cocks up the side of the tank at a 
pitch of 3 inches, commencing about i foot from the bottom of 
the tank and finishing about 6 inches from the top. 

Soitie care should be exercised in choosing tar pumps. They 
must be strong, of cast-iron throughout to minimise corrosion, 
and fitted with either piston or mitre valves. For dehvery into 
storage tanks, the charging of stills or preheaters, or general 
transport of tar from fairly long distances, pumps having a 
6-inch delivery should be installed. There are several suitable 
types of pump on the market. Of them may be mentioned 
three of which the writer has had experience : these are, the 
Worthington, Tangye, and Evans* Cornish. Each of these 
three msikes gave satisfactory results in working, but the writer 
has no doubt that other makes would prove as suitable. It 
must be remembered that the pump must be fitted with cast- 
iron rams or plungers, or ring packed buckets ; leather or canvas 
packed buckets are not suitable. 
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It is a wise plan to employ pipe lines of at least 6 inches in 
diameter for the conveyance of tar, and they are best con- 
structed of cast-iron socket and spigot pipes. The joints must 
be made with care or else trouble will occur from leaks. 
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INSIDE OF TANK 



STEAM PIPE 



Fig. X. — A Method of inserting Steam Pipe into Storage Tanks. 



Properly made lead- wool joints will give highly satisfactory 
residts both from the point of view of saving money and 
securing tightness. Another good joint is obtained by using 
the turned and bored socket and spigot pipe of the Liverpool 
pattern, but it should be remembered that this type of joint 
is not suitable in situations where the pipe Unes wind : lead 
joints will have to be used in these cases. 



CHAPTER III 

PLANT USED IN THE DISTILLATION OF TAR 

Tar stills — ^metals used in their construction — design — ^fittings — building 
of still — szifety contrivances — swan neck — swan-neck stool — steam- 
pipes — charge block — dipping cock — ^manhole and lid — ^tail pipe and 
pitch cock — ^thermometer. 

In a tax distillery the pieces of plant subjected to the greatest 
wear and tear are tar stills, and very careful consideration 
should be given to the design and construction of these pieces 
of apparatus. The portions of a still above the pitch level at 
the finish of the operation are more or less severely corroded by 
ammonium chloride and to a lesser extent by ammonium 
sulphide.! The corrosion is much more severe if the still dome, 
manhole, and charge pipe inlet are wrongly designed, or not 
properly lagged. The other part of a still which often gives 
much cause for anxiety is the bottom, which, if not properly 
built or protected, or if the fireplace is wrongly constructed, 
may *' come down " in a few weeks after being put into use.^ 

In the construction of tar stills, wrought-iron, mild steel, 
or sometimes cast-iron is used. To employ cast-iron is, in 
the opinion of the writer, a great mistake. Although it is now 
possible to make very large castings in which blowholes are 
practically absent, freedom from this weakness does not render 
the metal suitable, as there are other faults. For instance, the 
thickness of a cast-iron still is much greater than that of one 
constructed of wrought-iron or mild steel, the average of the 
sides and top being ij inches, while the bottom varies between 
2 and 2| inches, the latter thickness occurring at the junction 
of the run-off pipe (see Fig. 2). This greater thickness of metal 
not only means a much heavier weight to support on the brick 
seatings, but a greater fuel consumption. Assisting the thick- 
ness of metal in bringing about the latter drawback is the some- 
what poorer heat conductivity of cast-iron as compared with 
wrought-iron. Then the uneven thickness of the bottom, at 

^ See "Corrosion of Industrial Iron Work," by A. R. Warnes and W. S. 
Davey, Journal of Society of Chemical Industry ^ June 15, 1 910. The Gas 
World, April 23, 1910, p. 528, and May 7, 1910, p. 599. 

* See " Coal Tar Distillation," by A. R. Warnes ; Trans. Midland Junior 
Gas Association for 1910, pp. 15-29, or the Gas World, October 15, 1910, 
p. 462. 
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the place just mentioned, combined with the comparatively 
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Fig. 2. — Diagram of Cast-iron Tar Still (not to be recommended). 



poor expansive properties and low tensile strength, opens up 
the risk of cracking. The writer has experienced this trouble, 
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which is of a very serious nature. In this connection it should 
be pointed out that it is practically impossible to repair satis- 
factorily a cracked cast-iron bottom, and therefore it has to be 
scrapped — ^no small matter, as it means the removal of much 
brickwork before the damaged bottom can be got away and a 
new one put in its place. Then there is the rebuilding of the 
brickwork after the repair is finished. It will be noticed on 
inspecting the diagram (Fig. 2) that flanged joints are used in 
the building up of the still. This is a most unsuitable kind of 
joint for a vessel that is subjected to such high temperatures as 
a tar still. The chief difficulty is to keep the joint tight, even 
when the faces are perfectly trued up. The risk of a leaky 
bottom joint is increased somewhat by the fact that the 
thickness of the metal of the bottom is greater than that of the 
sides, thus producing a certain amount of unequal ei^pansion 
and contraction. 

Both mild steel and wrought-iron enter largely into the con- 
struction of tar stills, but there is a diversity of opinion as to 
which is the better metal to use. It seems, however, that nuld 
steel is in greater favour. Whichever metal is chosen, it is very 
necessary to see that the best quahty is obtained. In the case of 
wrought-iron, there is always the risk of laminations or bUsters 
occurring, even in the best qualities, and the thicker the plates 
the more liable they are to this defect. The writer has frequently 
seen plates which to all outward appearances seemed perfect 
open out very badly on shaping, owing to lamination defects. 
Fracture is frequently caused by laminations or blisters, and 
corrosion is materially assisted. Owing to the fact that wrought- 
iron is brought into contact with fetthng materials in the course 
of its manufacture it is not homogeneous in structure, and this 
state is one which also assists corrosion. Some prefer wrought- 
iron because of its fibrous structure, but this condition must not 
be considered as an absolute indication of strength. In cases 
in which shaping has to be done across the grain, there exists 
the risk of cracking. 

' — Mild steel is in the writer's opinion the better metal to use. 
It requires, however, rather more care in working the plates. 
Well made mild sheet is perfectly homogeneous in structure, 
owing to the fact that in the process of manufacture the whole 
mass is in the state of fusion. There is a greater freedom from 
impurities, and the tendency to corrode locally is reduced on this 
account. Mild steel is rather more ductile than wrought-iron, 
and, therefore, is more amenable to the treatment received in 
the process of cambering, flanging, etc. 

Much care is necessary in the process of shaping steel plates, 
and where possible this should be done by hydrauhc pressure. 
When this cannot be done, and of course it is not possible in the 
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case of repairs carried out in a tar distillery, careful attention 
must be given to the heating of the plates, and in particular 
to the shaping of them. The plates should be first heated to 
redness and then beaten into shape with wooden mallets, using 
cast-iron templet blocks. Metal hammers must not be em- 
ployed under any circumstances. Research into the causes of 
corrosion has proved that hammering* iron or steel renders it 
more Uable to attack. This is brought about by the production 
of local strain, and when metal hammers are used this condition 
is set up to a greater extent than when the plates are shaped 
with wooden mallets. It has been discovered that over-heating 
renders iron or steel more liable to corrosion, the amount of 
corrosion product being on an average 20 per cent, more from 
over-heated metal than from metal normally heated. 

All rivet holes should be drilled and countersunk on the 
inside, not punched, thus avoiding the risk of cracking between 
one hole and another, and also the setting up of local corrosion 
when the still is in use. A research undertaken by T. Thickens 
showed that corrosion took place to a greater extent around 
punched rivet holes than around those which had been drilled, 
owing to the local shearing strain set up by the punch, and the 
writer has been able to confirm this worker's results. It is 
also policy to use rivets made of the same metal as the plates ; 
and they should be of ample length, to allow a good snap-head 
to be formed. The seams must be properly caulked, as lack of 
attention to this detail will lead to a number of very troublesome 
leaks. Machine riveting gives better results than are obtained 
by hand, and it is also more economical. It should be employed 
whenever possible. With reference to the diameter of the rivets, 
and the pitch of the rivet holes, these dimensions should vary 
according to the thickness of the plate used. A good thickness 
to employ, at least for the shell, and the one generally adopted 
(sometimes throughout), is J inch. The pitch of the rivet holes 
and diameter of the rivets should be 2 inches and | inch for 
wrought-iron and 2 inches and {^ inch for mild steel. The 
centre of the rivet hole to the edge of the plate should be i^^ 
inch for wrought-iron and if inch for mild steel. As the top, 
or dome, of the still is subjected to the action of corrosive 
vapours to a greater extent than the shell, and with some tars 
very much more so, it is advisable to construct this portion of 
the still of sHghtly thicker plates than those used for the shell. 
A useful thickness is ^ inch ; the pitch of the rivet holes and 
the diameter of the rivets should be 2 J inches and i inch 
respectively for mild steel and 2 J inches and ^ inch for 
wrought-iron. The centre of the rivet hole to the edge of 
the plate should be ij inches for mild steel and i^ inches 
for wrought-iron. The writer strongly recommends the use 
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of mild steel for the construction of the dome and shell of 
the still. 

It is dif&cnlt to say definitely whether wrought-iron or mild 
steel is the best kind of metal to use for constructing the still 
bottom. The writer has had a case in which two still bottoms, 
one of mild steel, one of wrought-iron, and each put into com- 
mission at the same time, have " come down " within a week 
of each other, necessitating the replacing of the greater part of 
the bottom of both stills. The conditions in this instance were 
certainly very drastic, the tar being of a very bad quaUty and 
the still bottoms not protected in any way by brickwork. The 
writer's experience (bearing in mind the case just mentioned) 
has caused him to come to the conclusion that, on the whole, 
wrought-iron is the better metal to use. Careful observation has 
shown that wrought-iron bottoms, properly treated and pro- 
tected by brickwork when necessary, last longer than those 
constructed of mild steel. An investigation commenced by 
the writer, part of which is not completed, seems to show 
that metal of fibrous structure is the best kind to use for the 
construction of still bottoms. In all cases where a still bottom 
has " come down," cracked, or become badly burned, the metal 
removed from the damaged parts has been highly crystaUine 
in structure, and very brittle, even when fibrous metal (wrought- 
iron) has been used. Experiments have shown that this crys- 
talline state takes some time to form in the case of wrought-iron ; 
mild steel is already of a crystaUine nature. It appears that the 
crystaUine state is brought about mainly by the iron taking up 
carbon, and it is quite weU known to metaUurgists that the 
greater the carbon content of the metal the more brittle it 
becomes. Brittleness is a source of weakness in a still bottom 
in many ways, and the writer has known cases in which still 
bottoms have been cracked, and even pieces knocked out, during 
the process of stiU cleaning. A good thickness of wrought-iron 
plate to use for stiU bottoms is f inch, and for this thickness 
rivets of I inch diameter are necessary. The pitch of the rivet 
holes should be 2 J inches, and ij inches is aUowed from the 
centre of the rivet hole to the edge of the plate. 

Tar stiUs are built in various sizes, the chief being, 10, 15, 
20, and 30 tons working capacity. The 15-ton size is used very 
largely in this country, a great point in its favour being that 
its contents can be worked off in between 14 and 15 hours. 
Although tar stills of various shapes have been tried from time 
to time, none of these shapes has proved so satisfactory in use 
as that known as the pot or vertical stiU, and it is this type of 
still that wiU now be described. The pot stiU is divided into 
three chief parts, namely : the sheU, which is a vertical cyHnder 
the diameter of which is a Httle greater than the height ; the top 
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or dome, which, in a properly designed still, should have very 
little rise in it ; and the bottom, which is concave from the 
outside and pitched high. The still is provided with the 
following fittings : A safety-valve, or similar contrivance ; a 
swan neck for conducting away the vapours ; a steam-pipe 
inlet block, and a steam-pipe inside connected to a perforated 




- Fig. 3. — Diagram showing a Method of arranging Sketch Plates on Still Dome. 

coil or criss-cross arrangement ; a charge block, for connecting 
up to the charjging pipe ; a dipping cock ; a manlid stool and 
Hd ; and a tail pipe, with cock, for running off the pitch. A 
thermometer pipe is sometimes fitted either into the dome or 
the top of the swan neck. The separate parts of the still and 
the several fittings will now be dealt with seriatim. 

The shell of the still is built up of wrought-iron or, better, 
mild steel plates, riveted, and of thicknesses already described. 
For a 12-ton still the diameter of the shell may be 9 feet and 
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the height 8 feet 6 inches ; for a 15-ton still, diameter 9 feet 
6 inches and height 8 feet. The dome, or top, of the still is 
constructed of sketch plates and a dome plate (see Fig. 3), 
riveted and of thicknesses previously described. The number 
of segments or sketch plates varies according to the size of the 
still or the ideas of the designer ; for instance, in a 12- or 15-ton 
still this number may be eight. The pitch or rise should not 
be more than 15 inches for a 12- or 15-ton still. A large number 
of stills have been and are at present constructed with high 
pitched domes ; this is a mistake, as it does not add to the 
efficient working of the still, nor is it necessary from the -point 
of view of strength, and it materially assists in the process of 





v»mx5ion. As pointed out by the writer in a pap^- read before 
the Society ot Chemical Inv.iustr>\^ corn>>ion of tar stills is brought 
about by aqueous vapoius containing chiefly anmxonium chloride 
in the di:?5>ociated state, and proceeds most rapidlv at those 
jxHuts where condensvition takes place, and where the condensed 
vaiK>ur> are able to trickle down the plates. A high-ntched 
' provides all these bad points : it is more difficult to lag 




and the 

uia::?.c.c is ir. a posii;c;x \\\-ucr. iur:r.er assisrs m the condensation 
a:xi rerv.x^rar\^ rete:i:u:i or the cvniviensed vapouiSs which 
ewntuallv trukle dcwi the iva:e on the underside of the hole 
Cases hav- cv^:re u::.lcr the writer s notice m which the plate 
ixnder the nix*i hole has Nvn cv^:-xied th— v^h three times in 
dve >-ears. and in aJl ca^v-s 0: h-^h-vitched denies he has noticed 



PLANT USED IN THE DISTILLATION OF TAR 27 

a large amount of grooving on the inside. Fig. 4 illustrates 
diagrammaticaUy the extent of corrosion which can take place 
on a high-pitched dome. The correct type of dome to use is 
shown diagrammaticaUy in Fig. 3. 

The still bottom should be constructed of wrought-iron 
plates, of a thickness already described, and these plates must 
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Fig. 5. — ^A Method of arranging Plates for Still Bottom (Diagrammatic). 



be well riveted and property caulked. Sometimes still bottoms 
are constructed in one piece, but this is not a good plan ; it 
makes repairs more costly and the bottom is not so strong. 
The most satisfactory way is to construct the bottom of a number 
of segments, or sketch plates, united at the crown by a circular 
plate known as the crown-plate. The number of segments may 
vary between 8 and 12. Methods of arranging these and 
the crown plate are shown diagrammaticaUy in Figs. 5 and 6. 
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Fig. 6. — ^A Method of arranging Plates for Still Bottom (Diagrammatic). 



The diameter of the crown plate varies between 2 feet 6 inches 
and 3 feet. It is advisable that the rise or pitch of a stiU bottom 
should be as great as possible. For a 12- or 15-ton stiU the rise 
should be 2 feet 9 inches, and for a 30-ton stiU 3 feet 6 inches. 
The bottom is joined up to the sheU in two ways : {a) by angle 
iron, and (b) by means of what are known as channel plates. 
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The latter method is the better. Figs. 7 and 8 show dia- 
grammaticaUy the two methods. Important points to bear in 
mind when constructing still bottoms are the necessity of 
securing as complete a draining off of the pitch as possible, and 
to avoid the introduction of joints, which increase the tendency 
of the pitch to lodge and ultimately coke. Joints which make 
the work of still cleaning difficult should also be avoided. The 
angle-iron joint possesses the defects just mentioned, the near- 
ness of the rivets acting as a nucleus for deposits which even- 
tually coke (see Fig. 7). If channel plates are used, however, 
the risk of these troubles occurring is much minimised, and one 
of the best types of channel plate to adopt is shown in Fig. 8. 
It is not advisable to make butt joints when connecting up the 
channel plates ; lap joints are the best. 
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Fig. 7. — Angle Method of joining Bottom of 
StiU to SheU. 
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Fig. 8. — Channel Method of joining 
Bottom of still to Shell 



The advantages of building a high pitched bottom to a still 
are, {a) a large heating surface is secured, (6) the metal can 
contract and expand with comparative ease, thus minimising 
strain, (c) the stiffness of the bottom is increased, (d) the 
draining off of the pitch is materially assisted. 

When a tar still is working normally, there should be very 
/^little pressure inside, but should a stoppage occur in any portion 
of the condensing worm, a serious pressure may be set up. In 
order to give warning that a stoppage has occurred, and at the 
same time relieve abnormal pressure, a safety-valve, or a similar 
contrivance, must be fitted to the still. Safety-valves of the 
dead-weight t5^e are the best to use. The valve should be 
designed with as shallow a casting as possible on the vapour 
side of the seat in order to avoid a stoppage by solidified an- 
. thracene or naphthalene salts. A type of valve designed by 
H. Astbury and the writer, which in practice has given 
excellent results, is shown in Fig. 9. The safety-valve stool 
should be cast as shallow as possible, and riveted on to the still 
dome (see Fig. 10). The seat should not be too narrow, and the 
valve should be weighed to blow off at a pressure of 6 lbs. to the 
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square inch. Another contrivance often known as the S-pipe 
is illustrated in Fig. 11. This device is nothing more than 
a water seal, the two limbs of the U-bend being filled with 
ordinary water. The length of each limb should be 3 feet 
9 inches and the internal diameter of the tube f or i inch. There 



^71 SQUARE FOR KEY TO TURN 
y\^ YAtyE ON ITS SEAT. 




Fig. 9.— a Type of Tar Still Safety-valve. 



is a much greater risk of this safety contrivance becoming 
clogged than with the safety-valve just described ; the clogging, 
of course, taking place in the upright tube. The S-tube may be 
fitted to the top of the swan neck, or on the still dome. 

The swan neck should be made of cast-iron, and is bolted on 
to a swan-neck stool (see Fig. 12). Cast-iron is used because 
it is easier to manufacture a fitting of this shape in that metal, 
and it also resists to a far greater extent than wrought-iron or 
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Fig. 10. — Safety-valve Stool. 




mild steel the corrosive action of some of the tar distillates. 
The internal diameter of the stool should be 12 inches and the 
swan neck tapers from 12 inches down to 4 inches. A flange 
must be cast on the narrow end for the purpose of attaching it 

to the condensing coil. The swan- 
neck stool should have cast on to 
it a short length of about 4 inches 
beyond the lower flange, which will 
project into the still when the stool 
is riveted into position. This will 
prevent any condensed vapours from 
trickling down the inside of the 
dome, and so assist in minimising 
the rate of corrosion of the plates of the dome. 

For the purpose of reducing the temperature towards the 
end of the tar-distiUing operation, and to keep the still contents 
in a state of agitation, in order to prevent as far as possible the 
coking of the pitch on the bottom plates, it is necessary to 
provide the still with open steam coils. At the point where 
steam enters the still, it is necessary to fit a steam-pipe inlet- 
block, which is made of cast-iron, and of a 
design shown in Fig. 12. It is just as well 
to provide two valves on the steam main 
in order to reduce the risk of a leakage of 
condensed steam into the still, should one 
valve become defective (see Fig. 12), and 
it is not a bad plan to introduce a small 
pet cock between the two valves, through 
which any condensed water may be blown 
before the steam is admitted into the 
still. Fig. 12 illustrates this. The steam 
inlet pipe may be of i inch or ij inch 
internal diameter. This pipe is con- 
nected inside the still to one of a similar 
diameter, and of such a length that it 
reaches the crown plate of the still bot- 
tom. Here it is coupled up to a 4-, 6-, 
or 8-way piece. Into the outlets of these 
fittings, pieces of perforated pipe, bent 
to conform to the shape of the still bot- 
tom, are fitted. The internal diameter 
of these pipes should be about i inch, 
and the holes should be drilled in such a fig. n.-s-Pipe safety contri- 
position that the steam, as it emerges, sl?e?y'vaa^ ^*^*^ °^ * 
impinges upon the plates of the still bot- 
tom. The pitch of the holes should be 6 inches, and they 
should be drilled on each side alternately, an occasional one 



^^ 



PLANT USED IN THE DISTILLATION OF TAR 31 

being placed right underneath. The end of each steam-pipe 
shotdd, of course, be closed by a plug or cap. As regards the 




Fig. la. — ^Diagrammatic Illustration of Tar Still. 



lengths of the perforated pipes, these often have to be deter- 
mined by a working experience with the still into which they 
are put. It is often found that coking will take place to a 
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greater extent on one part of a still bottom than another, and 
sometimes even in the trough or channel, and when this occurs 
it is necessary to arrange that jets of steam play upon these 
parts. Several methods of arranging these pipes are shown 
diagrammatically in Fig. 13. 






Fig. 13. — Arrangement of Steam-pipes, 



To couple up the charge pipe to the still, a casting often 
termed a charge block is provided. This fitting is riveted on 
to the still, either just below the point from which the still top 
or dome springs, or just above that point on the dome itself. 
Of the two positions the latter is the better, in any case so far 
as minimising corrosion is concerned. In the writer's ex- 
perience, with inlets fitted to the still side there has always 
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been serious corrosion. A good type of charge block and two 
methods of fitting it to the still are shown in Fig. 14. 

In order to prevent overcharging, the still should be fitted 
with a dipping cock or an overflow tap. The latter is preferred 
by some ; and if it is desired to fit it 
to the still, it should be placed at 
the full-charge level. An arrange- 
ment for carrying away any tar which 
may- overflow should, of course, be 
provided. If the still is charged 
from a preheater, or a blow-boiler 
which contains an exact still charge, 
then an overflow tap is not neces- 
sary. It is contended by some that 
a dipping tap is unnecessary ; but, 
particularly in the case of stills 
charged by preheaters, it is advis- 
able to use this fitting, as there Fio. 14 —Diagram showing Methods of 
.,, ■, r 1-L -L fitting Charge Blocks to StilL 

IS a possible chance of the charge 

pipe between the preheater and the still becoming stopped, and the 
use of the dipping tap provides a ready means by which the still- 
man can find out that the still is charged and also approximately 
check the volume of tar in the still. The dipping tap may be an 
ordinary i-inch cast-iron plug-cock, and it is advisable to rivet 
it to the still by means of a flange. A combined steam inlet and 
dipping tap block is shown in Fig. 12. The dipping rod can be 
made of narrow flat bar iron. For an overflow cock some 
prefer to use a i-inch brass or gun-metal bib-cock, but as these 
metals are so easily corroded by HgS, NH^Cl, etc., it is, in the 

writer's opinion, best to use cast-iron 
gland cocks for this purpose. 

In order that men may enter the still 
for cleaning purposes, conducting repairs, 
and making inspections, it is necessary 
to provide the still with a manhole and 
a lid to cover it. As there is an element 
of danger to the workman while he is 
inside the still, it is advisable to make 
the manhole rather larger than the regu- 
lation size employed by boilermakers. 
The reason for this is that should a man 
become '* gassed ** and have to be hauled 
out of the still at the end of a rope, great difficulty would be 
experienced in dragging the man through a regiilation size 
manhole, and in cases like this rapidity of action is of the utmost 
importance. Oval manholes of 18 inches by 12 inches could be 
used with advantage. 

C 




Fig. 15. — Manhole and Lid, 
Wrong Tyx)C. 
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It is a common practice to construct manholes as shown in 
Fig. 15, This is an expensive and ^so unsatisfactory design. 
Owing to the large amount of surface exposed to the cooling 
influence of the atmosphere, 
excessive condensation takes 
place in the casting, and the 
condensed vapours trickle 
down the side of the still. 
This brings about excessive 
corrosion. There are cases 
which have come under the 
/ writer's notice of still plates 
having an original thickness of 
I inch being corroded through 
in eighteen months. The best 
type of manhole and lid to 
employ is shown in Fig. 16. 
This design enables the still- 
man to cover the manlid 
completely with lagging, for 
instance a sihcate cotton mat, 
after he has drawn the manlid tight. There are no pro- 
jecting surfaces, and even if lagging is not used, the risk of 
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condensation is very much less than if the type shown in 'Fig. 15 
is adopted. 

The tail-pipe or run-off pipe should be constructed of wrought- 
iron or mild steel, and should be riveted to the still casing and 
channel plate. One example of how this is done is shown in 
Fig. 12. The portion attached to the still must be carefully 
flanged, and the rivet holes drilled, not punched. It may be 
4 inches or 6 inches in diameter, and not less than 18 inches 
long, and should be provided with a flange, welded on, in order 
to connect it with the run-off cock. The run-off tap may be 
of the maiti cock or Butterfield type (Fig. 17), and the plug 
should have a full-way. In the experience of the author 
cast-iron gland cocks do not give such satisfactory results. It 
is advisable to place an expansion joint between the cock and 
the pipe which connects it to the pitch cooler. 

In this country thermometers are not often used with tar 
stills, but should it be desired, it is advisable to enclose the 
thermometer in a case or tube. The tube may be constructed 
of wrought-iron, welded at the bottom, and a few holes drilled at 
that point. The top portion should be provided with a flange, 
by means of which it is riveted to the still dome. It should be 
placed as near the swan-neck stool as possible. The thermometer 
is of course provided with a collar, so that it can be screwed into 
the tube and thus prevent the escape of vapours. 



CHAPTER IV 

PLANT USED IN THE DISTILLATION OF TAR (continued) 

Still foundations — settling — ash-pits — fireplaces — settings — curtain arch 
— flues — burners for gas firing — gas sewer— coal v. gas firing. 

It is important that tar still foundations should be good solid 
ones. Before erecting a single tar still, or a battery of them, 
careful consideration must be given to the choice of a site. If 
not already known, the state of the ground should be examined, 
and if it is found to consist of soft gravel, moving sand, or soft, 
wet clay, then the position should be rejected : compact gravel 
or hard, dry clay are the best to build upon. On good solid 
ground of this description a foundation made of properly 
prepared concrete, and of a thickness between 6 inches and 
9 inches, will be found quite suitable. It shoulcf be borne in 
mind that in cases of foundation building it is as well to err on 
the side of safety, and should there be any doubts as to the state 
of the natural foundation, a thicker concrete foundation, or 
one made of reinforced concrete, should be put in. Although 
cheaper, lime concrete must never be used, and cement which 
has become damp should be studiously avoided for concrete 
making. Due regard must be paid to the time taken for cement 
concrete to set : if, after a lapse of twenty-four hours, it is found 
to be soft, the lot should be pulled out and replaced by a better 
make. Every endeavour should be made to avoid excessive 
settling of a tar still, for if this takes place, many difficulties 
will subsequently arise. The making of a satisfactory joint 
between the swan neck and the condenser coil will not be 
possible, the incomplete draining away of the pitch from the 
still, and serious cracking of the flues, are some of the troubles 
/Which will be brought about. 

To a very large extent the efficient working of a tar still 
depends upon the care used in the designing and building of the 
flues and the setting of the still. Bad designing and careless 
building will result in one, several, or all of the following troubles : 
(a) An excessive consumption of fuel ; (b) a prolonged operation, 
resulting in extra labour, expense, etc. ; (c) boiling over at the 
commencement of the operation ; (d) burning of the still casing ; 
(e) increased corrosion, owing to unequal heating producing 
strain or to severe heating of plates not covered with liquid ; 
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(/) bringing down or burning out of the still bottom. As much 
attention should be paid to fuel economy in connection with tar 
stills as with steam boilers. It is quite possible in a large works 
to bum per annum 600 tons of coal over and above the normal 
quantity, should the flues be improperly built. This is no small 
item. 
/^ The flues and the fireplace should be constructed of the very 
( best firebrick and fireclay ; easily fused firebrick wiU cause no 
end of trouble if used. Those bricks having a melting-point of 
about 3000° Fahr. are the best to employ. For outside work, a 
non-absorbent brick must be used, and brindled^or Staffordshire 
blue bricks prove very satisfactory in this case." The object of 
using this type of brick is to prevent the^absorption of moisture 
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during rainy weather, for if this takes place, serious cracking 
of the bMckwork will inevitably follow. In a battery of stills 
the spaces between the outside of the flues and the straight edge 
of the outer wall (see Fig. 18) should never be filled in with 
grouted broken brick or concrete, but should be built in properly 
with common brick set in ordinary mortar. The mortar should 
not be laid too thickly between the bricks, either for the inside 
or outside work : a thickness of ^ inch is ample. This remark 
appHes also to the fireclay used in setting the firebricks. The 
firebricks must be clean and free from dust before laying, and 
if very dry they should be moistened with water, otherwise the 
fireclay will not adhere properly to them. The writer recom- 
mends pointing the outside work with neat cement, and 
covering that at the top with cement rendering roughed with 
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a little sand. The object of roughing is to minimise the risk ol 
the stillman and his assistants slipping when walking on the 
still top. It is advisable to build the top brickwork with a 
slight fall towards the edge and to put in an overhanging coping 
of round or bull-nose bricks (see Fig. 19}. 

The thickness of the ordinary brickwork outside the flue 




shotild be at least 18 inches. In the case of a single still, this 
brickwork may be built round the flues, forming a cyhnder. It 
is necessary to strengthen the brickwork by encircling the same 
with straps or bands made of Bat bar iron. The brickwork of a 
battery of two or more stills will remain in excellent condition, 
and not develop serious cracks, etc., if strengthened by means of 
buckstaves and tie-bars. 

The structure from the concrete foundation to the tinder 
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portion of the floor of the combustion chamber is built of ordinary 
brick. It is necessary, however, to biiild the floor of the com- 
bustion chamber with firebrick. This kind of brick is also used 
to build the still seating, and, of course, the flues. In the lower 
portion of the structure, an opening is left for the ash-pit, the . 
floor of which should be, for preference, on a level with the 
ground. Some tar distillers prefer to build the ash-pit below 
ground, but in the writer's opinion this method is not so safe 
as the former, should the still bottom spring a leak, and the , 
ignited tar commence to run rapidly into the ash-pit. It is ' 
much easier to put out a fire with sand in the case of an ash-pit 




Flc. 20.— Aimiilar Riii« (Still Seat) Outlets to Flues. 

built on the floor level than one built below ground. The lire^ 
bars are of that pattern employed for burning small coal (slack 
or smudge), and are supported on bearing bars and provided 
with a dead plate, as usual. A cast-iron door frame is built in 
and arched over during the building of the front portion of the 
external brickwork. 

The still is supported on an annular ring of firebrick, built / 
several courses high, and sprung from the floor of the combus-^ 
tion chamber (see Fig. 20). At a point opposite the fire door 
position, openings areleft for the purpose of allowing the passage 
of flame and hot gases to the flues. The portions of the channel 
plate of the still over these openings in the annular ring must be 
very carefully protected by building small brick arches under 
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them (see Fig. 22), otherwise the metal will soon suffer severely. 
With reference to the size of these openings, they will vary 
according to the dimensions of the still, one 9 inches from the 
base to the top of the arch rise by i foot 6 inches wide will prove 
large enough for most purposes. In between the top of the 
arch rise and the channel plate of the still at least 12 inches of 
firebrick should be built. It is advisable in most cases to pro- 
tect the bottom of the still with a firebrick arch, known techni- 
cally as a curtain arch. This arch is sprung from the annular 
ring just referred to (see Fig. 22), and is of course built of the 
best quality of firebrick. The arch should be built in such a 
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Fig. 21. — Diagranunatic Representation of Gas Inlet and Outlet in Single Wheel Flue (plan). 

fashion that it provides approximately 4J inches of brickwork 
against the still bottom. Some tar cfistiUers prefer to leave a 
small air space between the firebrick and the still bottom ; the 
writer can recommend this method in cases of bad tar. 

In order that the pitch can be run off readily and the still 
drain well it is necessary to place the still on its seat with a fall 
towards the tail or run-off pipe. This may be approximately 
i inch to the foot or, say, for a still of 9 feet 6 inches in diameter, 
4^ inches. The run-off pipe and cock are liable to become 
** set-up " with a plug of cold pitch at times, especially during 
cold weather. To avoid this trouble as much as possible this 
appendage to the still must be protected from draughts and 
cold air. This is done by building in the greater part of the tail 
pipe and constructing a brickwork recess to cover the run-off 
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cock. Into the recess, and covering the cock, a quantity of 
sand is placed before commencing the distillation. Should by 
any unlucky chance the cock become *' set-up,'' then a little 
cotton waste saturated with creosote can be placed under it 
and ignited, and the heat from the combustion will melt the 
pitch and set the cock free. 

Of the several t5^es of flue, that known as the wheel flue is the 
best. This kind of flue is built single or double according to 
the size of the still : a single flue being used for small stills up to 
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Fig. 22. — Diagram showing one Method of protecting Bottom of Still Shell, also Channel Plate 

and Bottom. 

15 tons, and double flues for the larger sizes. In the case of 
double flues two openings must be built in the still seat instead 
of one, in order to split the hot gases and send them in opposite 
directions round the bottom of the flue. These openings need 
not be quite so large as that of the hot gas exit of a single wheel 
flue. Inmiediately above the arch over the firebars a 9-inch 
mid-feather or baffle waU is built to the total height of the two 
flues. On each side of this mid-feather an opening is made in 
the lower flue cover, in order to allow the hot gases to pass into 
the upper flue, the mid-feather causing the gases to flow in two 
directions towards the back of the still, where they come to the 
downtakes, which in turn lead to the main flue. A damper is 
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always fitted in the downtake to regulate the combustion of 
the fuel. The top flue is covered in by overstepping several 
courses of firebrick, or using firebrick flue covers, i.e. slabs of 
firebrick known as burrs. Tar still flues are generally built 
9 inches or 12 inches wide, and of a depth varying with the size 
of still. 

In a single wheel flue the mid-feather or baffle wall must 
be built in between the gas inlet to the flues and the downtake. 
in order to cause the hot gases to encircle completely the still 
(see Fig. 21). The width of the flue may be the same as that 




of the double wheel flue, and it is covered in in a similar manner. 
Whether double or single wheel flues are built, it is advisable to 
protect the bottom portion of the still shell with a few courses of 
firebrick when very bad tar has to be worked. In order that 
this may be done it is necessary to recess the outer bottom 
portion of the flue. Fig. 23 illustrates the manner in which 
this is carried out. To secure the most satisfactory result the 
firebrick hning of the flues should be built of circle bricks of the 
required radius. These can be made to order, and may be 
obtained from any responsible firebrick manufacturer. 

In building the fiue, it should be remembered that the still 
shell will expand and contract throughout each operation. There 
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is on this account always a certain amount of difficulty in 
keeping the various parts of the flue tight. In the case of the 
mid-feathers or baffle walls this may be overcome almost com- 
pletely by riveting a piece of angle iron to the still, and building 
the firebrick on both sides of the projecting portion, as shown 
in Fig. 23. As regards the top cover of the flue, there is less 
difficulty here, owing to the number of courses of brick built 
above it and the manner in which the top of the still is covered 
(see Fig. 24). Only skilled furnace builders should be em- 
ployed to erect the furnaces and flues ; ordinary bricklayers. 
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Fig. 25. — Diagrams A and B showing, in Plan, Two Methods of building a Producer Gas Burner 

of Brick. 



as a rule, are not sufficiently conversant with this kind of work, 
and will generally turn out an unsatisfactory job. 

If it is desired to employ gas for firing, careful attention must 
be given to the design and building of the gas and air inlets, 
passages and burner. Ignition of the gas should not take place 
until it has reached the combustion chamber, and the air and 
gas should mix just before they enter that place. The volume 
of air and gas is controlled by valves, sHdes, or dampers, and the 
gas is admitted to the burner passage from the gas sewer or main 
gas flue by a mushroom valve, controlled by a spindle and 
wheel. Both the gas and air passages are built of firebrick 
throughout, and, of course, will run parallel to each other. 
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Water-air gas is generally forced into the gas sewer from the 
producer, and is therefore hot when it reaches the gas-burner. 
The air is warmed a httle during its passage to the burner end 
by the hot bricks with which it comes in contact. Two methods 
of building a producer gas burner are shown in Fig. 25. The 
ordinary firegrate is not dispensed with : it is useful in case 
the gas supply fails, and sometimes as an auxihary. If desired, 
a Terbeck or Cumberland burner may be employed instead of 
using the burners just described. Figs. 26 and 27 will give a 
general idea of these pieces of apparatus. The firing of tar 
stills is dealt with on pages 46 and 47. 

After the still settings are finished sufficient time should be 
allowed for the brickwork to dry out. If ** green '* brickwork 
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Fig. 26. — Mixing Tube of Terbeck Gas-fired Furnace. 

is heated a deal of steam is generated and this, due to expansive 
force, brings about cracking, sometimes of a serious nature, 
which will eventually lead to a weakened structure and leaky 
flues. It is wise to allow one or two months to elapse, according 
to existing conditions, before starting up the fire, the damper 
being kept open all the time in order that a current of air can 
pass through the flues and assist in drying the brickwork. A 
few days before starting the still it should be charged with tar 
and a slow fire Hghted in the grate and kept going for two or 
three days. 

The gas sewer is built below ground, along the whole range of 
stills, and careful brick setting is necessary in order to avoid 
leakage of gas. The outside brickwork should be of best blue 
brick, and the joints made of cement mortar, and not too thick. 
The lining is built of firebrick, properly tied into the outer wall. 
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The sewer is covered in 
with a semicircular arch 
of firebrick internally, 
and blue brick extern- 
ally. It is advisable to 
provide the sewer with 
several inspection holes 
about 18 inches by 2 feet 
6 inches in size, covered 
with cast-iron Uds. 

Several advantages 
are secured by the use 
of producer gas for firing 
tar stills, among which 
may be mentioned : (a) 
The operation of distil- 
lation may be controlled 
somewhat more easily ; 

(b) the risk of prosecu- 
tion for making black 
smoke is obviated ; and 

(c) fewer men are re- 
quired to work a bat- 
tery of stills. A httle 
more coal is burned per 
ton of tar if producer 
gas is the fuel employed, 
but the cost of this is 
not so great as that for 
extra labour if the fur- 
naces are coal fired. For 
instance, an experiment 
made on a battery of 
tar stills run twenty 
times on coal fires and 
twenty times on gas 
fires, using producer 
nuts as the fuel in both 
cases, gave the following 
average results: — ^With 
gas firing consumed 1.32 
cwts. coal per ton of tar 
distilled, and with coal 
firing 1. 16 cwts. coal per 
ton of tar distilled. The 
extra cost for coal when 
using producer gas ap- 
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proximated o.48d. per ton of tar distilled, while the extra 
cost for labour when the furnaces were coal fired approximated 
o.84d. per ton of tar distilled. 

It is convenient in this place to say a few words on the 
subject of still firing. As with steam boilers, the firing of tar 
stills should receive strict attention in regard to fuel economy. 
It is an easy matter to secure poor efficiency with either coal or 
gas firing, even if the still settings are of the first order, if the 
still fireman is careless in the way in which he manipulates his 
coal fire or his gas-burner. 

In the case of coal firing many firemen are devoted to what 
is known as *' spreading firing " or ** spreading,*' as this method 
gives them the least trouble, but it should not be allowed owing 
to the fact that it is uneconomical and black-smoke-producing. 
If the practice of firing Httle and often is coupled with ** spread- 
ing," and if due care is taken to admit the correct quantity of 
air, the production of black smoke is much reduced, but as this 
method means hard work it is not hkely to receive favour at 
the hands of the ordinary still fireman. 

The best method of firing is known as " coking firing," and 
it consists in shovelling the coal on to the dead plate and front 
ends of the firebars. As the fuel becomes incandescent it is 
pushed towards the back of the grate and more " green " coal 
supplied to the front. With this method, there is httle if any 
black smoke, and there is a saving in coal consumption. The 
thickness of the fire should not be less than 5 to 6 inches, and 
shallow places must never be allowed to form. If they do an 
excess of air will pass through into the combustion chamber, 
and this will reduce the temperature of the hot gases, tend to 
retard perfect combustion, and raise the fuel consumption per 
ton of tar distilled. In theory, 12 lbs. of air are required for 
each I lb. of coal burned, but in practice it is necessary to supply 
18 lbs. to 20 lbs. for this amount of coal. To obtain the proper 
quantity of air, careful attention must be paid to the mani- 
pulation of the flue dampers and the air grids on the fire doors, 
as well as to the thickness of the fire and the regular cleaning 
of the firebars. 

In the case of gas firing one of the first things to be borne in 
mind is the risk of explosion on hghting up if a very simple 
precaution is not taken, namely, that of placing a few shovelfuls 
of burning coal or some hghted cotton waste on to the floor of 
the furnace before turning on the gas supply. Often a small 
fire is lighted on the firebars of the still furnace, using, slack, 
and when well alight the gas is turned on. Occasionally small 
quantities of slack are spread over this fire, so that the firebars 
are kept covered to a depth of about 2 inches. 

Some prefer not to use a small coal fire, as just described, 



J 



PLANT USED IN THE DISTILLATION OF TAR 47 

and yet retain the tjrpe of furnace employed for coal firing in 
case the gas fails. What is done in cases Hke these is to cover 
the firebars with firebricks, or to remove the bars and bearers 
and replace them with stopping. Of the two plans the latter 
is the better as it gives more furnace room and allows for a more 
satisfactory combustion. Whichever method is adopted the 
gas must be admitted gradually until the still fireman is 
satisfied that all the gas coming forward will be ignited. 

As the gas-burners are supplied with air ports it is a much 
easier matter to regulate the air supply in order to maintain 
proper combustion than it is with a coal-fed fire. The pro- 
portion of air to gas is different to that necessary for the proper 
combustion of coal. Theoretically, for complete combustion 
it is about an equal volume, and in practice very little more 
than this is required. The best results are obtained with gas 
burners when the gas is supplied to them under a constant 
pressure, but to do this it is necessary to put in a gasholder. 



CHAPTER V 

PLANT USED IN THE DISTILLATION OF TAR {continued) 

Preheaters — corrosion of preheater coils — advantage of preheaters — con- 
densing coils — corrosion of condensing coils — condenser coil tanks — 
steam coils — collecting and dividing boxes — ^foul |[as mains — ^methods 
of dealing with foul gases — ^methods of running distillates to receivers 
— cocks — ^types of receivers — steam valves — ^pitch coolers — French 
weir cooler — ^pitch gutters — ^pitch bays — emergency pumps — ^plant for 
the dehydration of tar — ^plant for the continuous distiUation of tar. 

A PREHEATER (see Fig. 28) is very similar in shape to a tar still, 
the only diiference being that the bottom is flat. It is con- 
structed of wrought-iron or mild steel plates, and of a size to 
hold a Httle more than the charge for the still to which it is 
attached. As wear and tear are not very great, plates of 
moderate thicknq^s are used in its construction ; mild steel 
plates of J inch or ^ inch are quite thick enough. The mount- 
ings consist of : (a) A cast-iron charge pipe block or stool with 
a 6-inch or 8-inch hole, to which the charge pipe is connected ; 
(b) a small cast-iron swan neck fitted on to a cast-iron stool, 
for connecting to the vapour pipe, which in its turn is fixed to 
a common main leading to a condensing worm. The swan 
neck may be 4 inches bore at the inlet, tapering to 2 inches at 
the outlet. In the writer's opinion 2-inch or 2j-inch wrought- 
iron steam-pipe, extra thick quahty, suitably bent and connected 
to a flange, serves this purpose quite as well, (c) A i J-inch cast- 
iron gland cock fitted near the top of the preheater, through 
which a dipping rod may be inserted in order that the workman 
can find out when the vessel is charged correctly ; if desired, 
instead of a dipping tap a flange can be riveted on and fitted 
with a I J-inch plug, the plug being removed each time a dipping 
operation is to be carried out. (d) A wrought-iron screwed 
flange of 2-inch bore, to which is fitted a 2-inch wrought-iron 
overflow pipe. This pipe is connected to a conmion main 
leading to a special tar tank. The overflow outlet is placed in 
such a position that at the finish of a distiUing operation a 
correct still charge of hot tar remains in the preheater. (e) A 
wrought-iron pipe of 3-inch bore, which is known as the dis- 
charge pipe, to which is connected a 3-inch cast-iron gland 
cock. This pipe is placed on the side of the preheater at the 
bottom. (/) A manhole of 18 inches by 12 inches with draw-up 
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lid. (g) Two extra deep* screwed, wrought-iron flanges of 3-inch 
bore, one placed so that its centre is about 3 feet 6 inches from 
the bottom and on the same side as the discharge pipe stool, 
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Fig. 38. — Diagrammatic representation of Preheater. 



and the other on the opposite side as near the bottom as possible. 
These are for admittance and egress of a condenser coil, which 
is fixed inside the preheater. (A) A safety-valve or other suitable 
contrivance. • 

The condenser coil is made of 3-inch wrought-iron steam- 

D 
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pipe, but it should be of extra thick quality, viz., ^ inch, in 
order to reduce the repair bill. The coil suffers severely from 
internal corrosion, especially the top lap ; and in the writer's 
experience wrought-iron steam tube of ordinary thickness 
(^ inch) has corroded through on the top lap in less than six 
months, against i8 months if ^inch tube is used. The length 
of the coil may be approximately i6o feet, arranged in say 6 laps. 
Investigations made by the writer and others indicate that the 
corrosion of preheater coils is due chiefly to dissociated am- 
monium chloride and ammonium sulphide, the temperature 
at the top lap being particularly favourable to chemical action. 
The preheater is erected in an elevated position, so that the 
condensing coil may be attached to the swan neck of the still, 
and the hot tar be discharged into the still by gravity. It 
should be properly lagged with insulating material. 
/ Several advantages are secured by the employment of 
/ preheaters, the chief of these being : {a) There is a saving of 
fuel owing to the fact that hot tar is charged into the still, 
the tar absorbing part of the heat from the distillates passing 
, through the preheater coil which otherwise would be lost ; 
I (6) the time of the distilHng operation is reduced, as : (i) some 
of the entangled anunonia water is driven off, (2) a portion of 
the crude naphtha is distilled off, and (3) less time is taken to 
bring the still " round " (i.e, commence the distillation), owing 
J to the tar being hot when charged into the still ; (c) more tar 
can be worked in a given period, because it is not necessary 
for the tar still to cool down to any great extent before charging 
again, as would be the case if cold tar had to be dealt with. 

Connected to the outlet of the preheater coil, or, if a pre- 
heater is not used, direct to the swan neck, is the inlet end of 
the condensing coil proper. This piece of apparatus consists 
of laps of pipe, each lap being circular, square, or rectangular 
in plan, the circular type being the most general. A coil can 
be made of cast-iron or wrought-iron ; the latter metal is pre- 
ferable, as the thickness of a cast-iron coil hinders somewhat 
the cooUng or warming of the distillates, as the case may require. 
Another disadvantage in connection with cast-iron coils is the 
presence of a large number of flange joints, which introduces 
frequent trouble in the nature of leaking. Wrought-iron coils 
are manufactured of considerable length in one piece, and a coil 
of this kind will do away with the chances of the distillates 
leaking out, or the water surrounding the coil leaking in, as is 
so liable to occur in the case of flange joints. The bore of con- 
denser coils may vary between 2 inches and 4 inches, and the 
length between 130 feet and 300 feet, according to the size of 
the still. A distance of not less than 3 J inches should be allowed 
between each lap. As an example, for a 20-ton still provided 
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with a preheater about 130 feet of 3-inch wrought-iron pipe is 
sufficient. In order that the coil may be cleaned, it is advisable 
to arrange for a |-inch steam inlet, so that steam can be blown 
in after each operation. This provision will also assist in loosening 
a stoppage, should this occur. The steam inlet may be placed 
at the top of the coil before it enters the condenser tank. 

The condenser coil is corroded from the top downwards, but 
not to such a great extent as the coil in the preheater. The 
corrosion also takes place from the outside, as well as the inside, 
especially at the top lap at the " wind and water " hne. On an 
average the top lap, if made of wrought-iron tube of ^ inch in 
thickness, will last three years. It is possible to cut out the 
top lap when it is corroded through and join on a new lap ; 
but if this is done, care must be taken to make a thoroughly 
good joint. The writer can recommend wrought-iron tube of 
3^inch thickness for the construction of a condenser coil. 

The condenser tank will vary in shape and size according to 
the type and dimensions of the coil it is intended to put into it, 
or whether the tank is to contain more than one coil. Generally 
the shape is cylindrical and of a size to contain one coil. 
Wrought-iron plate or mild steel of J-inch or |-inch thickness or 
cast-iron sections may be used to build the tank. In arranging for 
the size, due allowance should be made for water space between 
the outer edge of the coil and the tank side ; 6 inches is a good 
margin. The bottom lap of the coil should not rest on the tank, 
but should have a clearance of between 4 inches and 6 inches. 
A I J-inch drain cock should be placed in the centre of the bottom 
of the tank, by which to run off the water in case the tank or 
coil requires repairing, or when the tank and outside of the coil 
require cleaning. A hole must be cut in the tank bottom, 
through which to put the coil end. A good cold-water supply 
shotdd be run to the tank, and the inlet pipe must extend to 
within 3 inches from the bottom of the tank. About 2 inches 
from the top of the tank the water overflow pipe is inserted ; it 
shotdd be so arranged that practically all of the top lap of the 
condensing coil is covered with water. The water inlet and 
overflow pipes may be of i J-inch or 2-inch internal bore. It is 
necessary to place a perforated steam coil of one turn on the 
bottom of the tank, and a i-inch steam-pipe is large enough. 
This is used to assist in raising the temperature of the condensing 
water at one period of the distilling operation, and also to aid 
iji the removal of an obstruction of, say, creosote salts in the 
coil, should this occur. 

The worm or coil end, after it leaves the condenser tank, is 
shaped in the form of a U in order to form a seal. One leg of the 
spal is connected to a small cast-iron tank known as a receiving 
or collecting box (see Fig. 29). This box should be covered with 
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a cast-iron lid and water-sealed. In the lid a perfectly fitting 
sliding door is fitted (see Fig. 29), in order that the workman may 
inspect the distillates as they flow from the worm end, and also 
collect samples of them for testing purposes. The bearing parts 
of the slide and its frame should be kept thoroughly greased. 



TO FOUL CAS MAIN 



TO CONDENSER COIl 




STEAM niET 



TO RNIL CAS MAIN 

t 



SUDING LID 




CROSS SECTIONAL ELEVATION. 
SLIDING LIO 



WATER 
SEAL 




O O f "TMHCE OF 
OUTLET FOB ^^ WORM END 
FOUL GAS 



ju, OUTLET FOR 
k^ LIQUOR AND 
CRUDE NAPHTNX 



SECTIONAL ELEVATION. 
SHOWING BACK [INSIDE]. 

Fig. 29. — Receiving Box a&d Connections. 

Two outlets are made in the sides of the box, through which 
the distillates are run, and one outlet is provided for making a 
connection with the foul gas main. One of the distillate outlets 
is connected up to a piece of apparatus known as a dividing-box, 
in which ammonia water is separated from crude naphtha, and 
the other to a pipe which is coupled up to the several receiver 
mains. Collecting boxes vary a httle in size and shape, but for 
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most purposes 2 feet 6 inches by i foot 6 inches by i foot 6 inches 
deep is quite large enough. 

The dividing box is made of cast-iron, is cylindrical in shape, 
about I foot 9 inches in depth and i foot 3 inches in diameter. 
It is provided with a water-sealed cast-iron hd, in which is made 
a 6-inch inspection hole, covered with a Ud, the bearing parts of 
which must be kept greased. There are two outlets, one which 
leads to a small piece of apparatus known as a water box, really 
a water-sealed inspection chamber, on the ammonia water main, 
and the other is connected up to the main which leads to the 
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Fig. 30. — Dividing Box. 



crude naphtha receiver. Each outlet is made of a sufficient 
size to ihsert a i-inch wrought-iron pipe at about 4 inches from 
the top of the box. The centres of the two holes are on the same 
level, and the outlet pipe which conducts the crude naphtha 
away just enters the cylinder, and on to it is fitted a movable 
elbow to regulate the flow somewhat, while that which deals 
with the anmionia water bends down inside the box and reaches 
to within \\ inches of the bottom (see Fig. 30). The inlet pipe 
from the collecting box is of i-inch wrought-iron pipe, and is 
inserted in the cover of the dividing box. A wrought-iron 
connector should be placed in this pipe in order to facihtate 
removal if it becomes necessary to uncover the box. 

The water box or inspection chamber (see Fig. 31) is a small 
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cast-iron vessel about 8 inches by 8 inches by 8 inches deep, 
internal dimensions. It is provided with a cast-iron lid, water- 
sealed, and one i-inch inlet hole at the side near the top, and 
another i-inch outlet hole at the bottom on the opposite side. 
Through the inlet hole is inserted the ammonia water pipe coming 
from the dividing box, and on to the end of the pipe is fitted a 
movable elbow to enable the workman to regulate the flow of 
the Hquor. To the outlet is fitted a i-inch wrought-iron pipe, 
which leads to the common liquor main running to the ammonia 
water receiver. 

In order to comply with the AlkaH Act, it is necessary to 
prevent the discharge into the atmosphere of all offensive or 
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Fig. 31. — ^Water Box. 



noxious gases, such as are given off from tar distillates, es- 
pecially at the worm end, and to render these gases innocuous 
in some suitable manner. The plant used in tar works for this 
purpose varies somewhat according to the ideas of the manage- 
ment. In all cases it is necessary to provide foul-gas mains, 
to conduct away the gases and fumes from (a) the worm ends 
and collecting boxes ; (b) the receivers ; and (c) the pitch 
coolers. Lengths of 2j-inch or 3-inch wrought-iron pipe are 
fitted in close proximity to the various pieces of apparatus just 
mentioned, forming common mains, and the worm ends, col- 
lecting boxes, etc., are connected to these mains by means of 
T-pieces. One end of the common main is connected up to a 
steam-pipe, so that steam may be blown through frequently for 
cleansing purposes, and the other end to an exhaust pump or 
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steam ejector, either of which draws away the foul gases, and 
delivers them to the boiler furnace to be burned, or to a special 
apparatus for treatment with a view to recovering sulphur, etc. 
In all cases in which it is intended to burn the gases it is advisable 
to draw them through 
a water seal of a de- 
sign somewhat simi- 
lar to a wash-bottle 
(see Fig. 32). This 
precaution wiU mini- 
mise the risk of a 
''flashback" taking 
place throughout the 
whole system. It 
must be remembered, 
however, that if the 
ejector is not care- 
fully attended to, the 
risk of a "flashback" 
taking place and pro- 
ducing an explosion 
in the seal pot is 
great. The seal pot 
should be kept fiUed 
with water to three 
parts of its depth, 
and in the cover a 
hinged lid is fitted, 
and always kept un- 
fastened ; the bearing parts being well greased with heavy 
lubricating oil, to make a more or less -tight joint. The 
writer's experience of this method of deaUng with foul gases 
has been a satisfactory one. A good plan, in order to see whether 
the exhausting apparatus is working efficiently, is to fit one or 
two manometers into the main in suitable positions. 

Owing to the corrosive action of the foul gases, the wear and 
tear on the cones of the ejector is very considerable. The 
writer strongly recommends the use of malleable iron cones in 
the place of gun-metal, which is often used. The figures given 
in Table XIV, the average of several experiments, will support 
this recommendation. 
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Fig. 32.— Seal Pot for Foul Gas Main. 



TABLE XIV 



Diverging cones lasted 
Converging cones lasted 



Gun-metal. 

6 months 
8 „ 



Malleable iron. 

13 months 
24 



ft 
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Some distillers prefer to deal with the foul gases by passing 
them through an oxide purifier, more or less similar to a gasworks 
plant but on a smaller scale. The oxide is revivified as usual, 
and eventually sold for the manufacture of sulphuric add. 

A method of purifying foul gases by scrubbing with water 
and then passing through absorbing towers containing hydrate 
of iron in suspension in water was devised by J. Craven and 
W. H. Coleman, and pubHshed by them in the Joutnal of the 
Society of Chemical Industry, vol. xx. p. 200. This method 
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Fig. 33. — One Method of connecting Common Mains to Receiving Box. 

is certainly a very safe one, and by it any anunonia, Hght hydro- 
carbons, and sulphur in the gases are recovered. 

The various distillates from a battery of tar stills are led from 
the collecting or separating boxes to common mains, the latter 
being connected up to the receivers. Each of these common 
mains should be provided with a i-inch steam inlet at one end 
for the purpose of introducing steam for cleaning after each 
operation, and to assist in removing obstructions should these 
occur. Endeavour should be made to keep the cocks which 
control the flow of the various distillates from the collecting 
box to the common mains as near one another as possible, and 
they should be suitably marked ; it saves time and prevents 
mistakes. A method of doing this is shown in Fig. 33. 



/ 



PLANT USED IN THE DISTILLATION OF TAR 57 

The internal diameter of the common mains will vary accord- 
ing to the number of stills feeding them at one time ; from 
2 inches to 3 inches is generally found suitable. Connections 
between the collecting boxes and conunon mains may be of i J 
inches to 2 inches internal diameter. 

Good cocks should be put into all these mains, and also all 
the pumping mains about a tar distillery. Those made of cast- 
iron are the best to use, and the most satisfactory type is that 
known as the Butterfield cock. Generally cast-iron gland cocks 
are employed, but unless the glands and packing are carefully 
and periodically attended to, leakage of a more or less serious 
character wiU take place. A cock of the Butterfield type (see 
Fig. 17), if properly put in, requires very Httle attention, and it 
wiU not lecJc even in a main through which hot creosote oil 
and steam are continually passing. The writer has in his ex- 
perience known gland cocks to require attention every two or 
three days, and the packing seeing to about every month, 
whereas a Butterfield cock put in the same main required no 
attention or packing for a period of one year and nine months. 
No leaking took place from the latter cock, but from the former 
serious leaking often occurred. 

It is of course necessary to provide a receiving tank for each 
fraction taken off the tkr. The number will, therefore, vary 
according to the manner in which the tar is worked up, or the 
nature of the tar distilled. Generally there are seven receivers 
provided, one for overflow tar and one for each of the following / 
distillates : ammoniacal Uquor, crude naphtha, Hght oil, Hght / 
creosote, heavy creosote, and anthracene oil. Flat-ended boiler- 
tanks {i.e. old steanl boilers from which the tubes have been 
drawn and the ends blanked) make very suitable receivers. 
They must, of course, be in fii^t-class condition, free from all 
poor seams or thin plates. It is not possible to give any 
definite figure as regards size, as this must necessarily vary 
according to the quantity of tar worked per day and the amount 
of storage room. For a works distilling say 100 tons of tar per 
day, receivers of an average capacity of 8000 gallons will be 
found quite suitable. Some works use specially made tanks of 
a size just sufficient to hold a Uttle more than one of the various 
fractions worked off a single charge of tar. This, it is contended, 
enables the manager and workmen to check in a more efficient 
manner the yield of the several fractions from the tar. 

All but the crude naphtha and ammonia receiver should be 
provided with a closed steam coil. One turn of i-inch steam- 
pipe covering the whole bottom of the receiver will be found 
sufficient, provided an efficient steam trap is connected with the 
exhaust end. Each receiver must have a manhole, which, with 
all the other openings, should be properly covered, to prevent 
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loss by evaporation in the case of the hght distillates, and in all 
cases the escape of foul gases. It is desired by some to connect 
all the receivers to a foul gas main, but this is not absolutely 
necessary if all the openings are kept well covered. The con- 
tents of the receivers are removed to storage tanks, or washing 
tanks, by : {a} pumps, or (S) compressed air. In the latter case 
it is necessary to supply an air inlet, and also an exit pipe, which 
must reach to witlun about half an inch of the bottom of the 
lowest portion of the receiver. It is much better to put in a 
small dish plate at the bottom, as shown in Fig. 34. Arrange- 
ments must be made to seal the receiver completely ; if this is 
not done removal by compressed air becomes an impossibility. 
For the compressed air pipe, i-inch steam tube is quite suitable, 
and for the delivery or exit pipe, 2-inch steam tube is the best 
size to employ. 

If it is desired to remove the receiver contents by the aid of a 




pump, then a 2-inch suction pipe should be put in. This can 
be arranged so that it will reach to the bottom, or be hfted to any 
point in the receiver. It is a general plan to connect the suc- 
tion pipe of all the receivers to a common pumping main and 
pump, cleaning the two latter by blowing steam through after 
the pumping operation is finished. Although not absolutely 
necessary, it is a good plan to connect each receiver to a special 
emergency main and pump ; it sometimes comes in handy 
when working difficulties arise. 

It will not be out of place here to consider briefly the subject 
of steam valves, in particular those used round about the tar 
stills, condensers, collecting boxes, receivers, foul gas mains, 
etc. The valve in general use is made of gun-metal, and is of 
course quite suitable for all positions where sulphuretted 
hydrogen, ammonium sulphide, or ammonia vapours are not in 
evidence. If these vapours come in contact with the gun- 
metal shell of the valve, very rapid corrosion will take place, 
and a fracture eventually occurs. Cast-iron or cast-steel stop 
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valves do not corrode anything like so rapidly, and are, there- 
fore, much more suitable. It is advisable to lag the valves, and 
also all the steam-pipes, with a non-conducting composition. 
^ Owing to the nigh temperature at which it is necessary to 
run the pitch from the still, it is absolutely essential to keep it 
out of contact with the atmosphere and to cool it in some manner 
or other before running it on to the pitch bay. If this is not 
done, there is a great risk of spontaneous combustion of the hot 
vapours taking place, and a firing of the pitch ; and even if the 
temperature of the pitch is too low for this to occur, acrid vapours 
are given off in great volumes, which wiU cause a nuisance in 
the neighbourhood of the distillery. In order to meet these 
requirements coolers made of wrought-iron or mild steel, 
cyUndrical or square in shape, are most frequently employed. 
The former shape is, of course, the most suitable, as it with- 
stands much better the great strain brought about by running 
the very hot pitch into the cool receiver. A cooler is provided 
with a manhole of not less than 18 inches by 12 inches or 18 
inches in diameter ; a manlid stool, and cast-iron lid ; an inlet 
pipe stool, to couple up to a 4-inch or 6-inch pipe, according to 
the diameter of the still tail pipe ; an outlet valve of the 
'* treacle " or gate type of about 6 inches, or of the lever plug 
type and not less than 4 inches ; and a 2-inch outlet for con- 
necting up to a foul gas main. The manlid is left loose in order 
to act as a kind of safety-valve, and it may be sealed by 
embedding into a lime-putty, or covering the bearing surfaces 
with a layer of thick grease. Old cylindrical steam boilers, 
from which the tubes have been drawn, and the ends blanked, 
answer admirably as pitch coolers, provided the plates are thick 
enough, and the riveted seams are in good condition. The 
plates of the cyHnder should be of not less than | inch and the 
ends i inch in thickness, or better still a thickness of J inch 
throughout. Each cooler should be raised a little above the 
ground level, say i foot 6 inches "to 2 feet, to allow inspection 
for leakage to be made, and also to enable the air to circulate all 
round it. It may be supported on brick or concrete cradles. 
A fall towards the outlet of about J inch to the foot should be 
allowed. 

Pitch ■ coolers are sometimes built in the form of brick 
chambers, but as it is not a general practice this form will not 
be considered. 

In a works dealing with large quantities of pitch, a pitch 
cooler built on the plan known as the " French weir " will give 
excellent results. There are two chambers in this cooler (see 
Fig. 35), that marked R in the figure being the one into which 
the hot pitch is run from the still and in which part cooling takes 
place. In the other chamber, marked C, the cooling is com- 
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pleted. When a fresh charge of pitch is run into R it pushes 

the cooled pitch contained in C through the outlet O into 

the pitch bay. 

• J[lf In order to convey the pitch from the coolers to suitable 

/^ 7 positions in the pitch bay, where the final cooUng and soUdi- 

C 0- / f ying prior to ''getting" or digging takes place, a gutter is 

j.^ I often built under the outlets of the coolers. The gutter should be 

provided with several outlets closed with gate or sluice valves, 

in order to direct the pitch into one portion of the bay to cool 

and solidify, while '* getting " is going on in another portion. 

As regards the arrangement of this gutter, this will of course 

have to be made to suit the position of the coolers, and varies 

in different works. Concrete may be used to construct the 

gutter, the surface being rendered with a mixture of cement 




Fig. 35. — French Wdr for Pitch-cooling. 



and sand, but it is far better to Une the gutter throughout with 
brindled tiles or smooth bricks set in cement, as by doing this 
the removal of cold pitch during cleaning is facilitated. A 
depth of 2 feet 6 inches to 3 feet is ample, and it should be level 
from one end to the other. The sides of the gutter may be 
14 inches or 18 inches thick, not less than the former. It should 
be so arranged that the gate valves can be operated by the 
workman in safety from a position opposite to that which the 
pitch runs into the bay. A method designed by the writer is 
shown diagrammatically in Fig. 36. The gate may be raised 
and lowered by means of a rack and pinion or worm and wheel 
gear. In some works gutters are not used, but one is cut in the 
cold pitch on the bay in any desired direction. This is not a 
good plan. 

The pitch bay is situated in close proximity to the coolers at 
«L lower level to them and the gutter. It should not be too deep. 
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but of wide area, the dimensions varying according to local 
conditions and the amount of tar worked up. A depth of 
2 feet 6 inches below the gutter outlets is a good average ; 
pitch of a greater thickness than 2 feet is more difficult and ex- 
pensive to " get." The floor and sides of the bay are concrete 
or brick Hned. As regards the floor, a brick Uning placed on a 
concrete bed proves the most suitable. The bricks should be 
smooth faced and of the best Staffordshire blue brick type. 
They should be set closely in good cement, and the whole floor 
must be level. It is advisable to divide the bay into several 
sections, say three or four, by building 14-inch walls across it. 
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Fig. 36.-— Pitch Gutter Outlet showing Gate Valve. 

If it is wished to avoid the expense of doing this, temporary 
partitions can be put up with wooden planks and loose pitch, 
or by leaving a wall of hard pitch from a previous " getting," 
but these methods are of doubtful value, as the partitions some- 
times give way at most inconvenient times. The object of 
dividing the bay into sections is to allow one batch of pitch to 
cool wMle another is in the process of " getting." 

It is as well to endeavour to arrange for a private railway 
siding to run alongside the pitch bay, and it is of great advan- 
tage if that siding is at such a level that the top of the railway 
trucks are practically in line with the floor of the bay. This 
will enable the pitchmen to wheelbarrow the pitch direct into 
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, skips, and a c 



the trucks and save the cost of a c 
driver. 

There are times when a tar still springs a leak, and it then 
becomes necessary to empty that still with all speed. In order 
to do this a permanent 3-inch wrought -iron main should be run 
along the back of the battery of stills, and a branch from this 




Fio. 37. — Dlagrammadc UliHtralion at Hlrd's Tur^ddiydii 



main fixed in a suitable position, so that after the connection 
between the tail or run-off pipe of the still and the cooler is taken 
apart, immediate connection with this branch can be made. 
One end of the main should be closed with a plug, and the other 
end connected to a special pump kept especially for emergencies 
of this nature. The same pump can be used, if desired, as an 
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auxiliary to the creosote pumps, but should always be so con- 
nected that it can be put into use on the tar emergency main 
immediately it is required. If thfe tar well is below ground, a 
pump is not absolutely necessary, as, the still being above 
ground level, the tar would run by force of gravitation into the 
emergency main and thence to the well. However, speed is a 
matter of importance at times, and then a connection to a pump 
would prove of benefit, even when the tar well is below ground. 

Plants for the dehydration of tar have of late come much 
to the fore, and a brief description of Hird's dehydrating plant 
will, no doubt, prove useful. One capable of deaUng with half 
a ton of tar per hour consists of the following pieces : one 
still, a cooler, one condenser coil and tank, one distillate tank, 
and two prepared tar tanks, with the necessary pipes and con- 
nections (see Fig. 37). 

The still, wMch is constructed of mild steel, has fitted down 
tlie centre a longitudinal baffle, the function of which is to 
direct the tar first down the length of one side of the still 
and then up the other side. Four tubes, which are expanded 
into the end plates, run the whole length of the still, for the 
purpose of carrying the hot gases with which to heat the tar. 
The far ends of the tubes open into the base of a waste gas 
stack, and the near ends form the entry for four bunsen burners. 
These burners are connected to a common gas main. To the 
still is fitted a swan neck and safety-valve, and it is also pro- 
vided with an oval manhole with a draw-up manlid, and a 
thermometer for regulating the temperatures. 

Between the condenser and the still is fitted a cooler, or 
rather a heat interchanger, which consists of two steel tubes, 
one running through the other, the outer tube forming a jacket 
round the inner. Tar from the condenser tank travels through 
the inner tube on its way to the still, while the hot prepared tar 
flows through the outer tube or jacket on its way to the receiver. 

The condenser tank is cyUndrical, and is provided with an 
inlet and outlet for cold tar, which is used for cooUng. In this 
tank is placed a cast-iron condenser coil, the top of which is 
connected to the vapour pipe leading from the still, while the 
bottom is joined to an inspection box, which in its turn is 
connected to the distillate receiver. 

Set in a well, and on cradles, are the distillate receiver and 
two prepared tar receivers. These vessels are cylindrical in 
shape, and they are provided with a circular manhole, an in- 
spection hole, a wire and weight gauge, and the necessary inlets 
from the condenser coil and tar cooler. Cocks are fittfed near 
the inlets on the tar receivers, so that one receiver can be used 
at a time. 

The continuous distillation of tar down to pitch is a process 
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much older than that of continuous dehydration ; in fact the 
latter is simply an offshoot of the fonner. 

One of the earliest systems of continuous distillation which 
received any serious consideration is Lennard's (iSSS). The 
plant with which to cany out this system was designed on the 
cascade principle, was rather complicated, and was an expensive 
one to erect. More recently the Hird and Wilton systems have 
appeared, and the results obtained by them have proved very 
satisfactory. 

Hird's patent system (Figs. 38, 39, 40, 41, and 42) requires 




Fia. ]B.— Plan at Ori's CoDtbnuiB Tar DbtiDatkia nant, 

the following pieces of apparatus : A feed or regulating tanfe, 
four stills (Nos. i, 2, 3, and 4), a pitch cooler, four combined 
heater-coolers, five water condensers of the coQ type, five sight 
boxes, an oxide purifier, and, if the plant be heated by gas or 
producer gas, three sets of gas-burners are necessary. 
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The feed or regulating tank is provided with a float valve 
in order to maintain a constant head of tar in the stills. 

All the four stills are built of cast-iron, the separate parts 
having flanges cast on them so that they can be bolted together 
on the outer side of the still. As this type of still is not sub- 
jected to such drastic temperature treatment as a pot still, the 
mode of heating being internal, this method of construction 
is permissible, and from the point of view of corrosion is one 
which offers an advantage. Cast-iron is not attacked by dis- 
sociated anunonium chloride at an5^hing Uke the rate that 
wrought-iron or mild steel is. Each still is provided with a 
manhole, a swan neck and vapour pipe, a thermometer, and a 
safety-valve. Internally there are four baffle plates fitted 
across the width of the still in such a manner as to cause the 
tar to flow in a circuitous manner from inlet to outlet. The 
arrangement of the baffle plates in Nos. 2 and 3 stills is rather 
different from that in Nos. i and 4 stills, as will be seen on re- 
ference to the diagram (Fig. 38). 

Nos. I, 2, and 3 stills are provided with longitudinal heating 
tubes, all of which are expanded into the end plates of the still, 
and for each of these tubes a bunsen burner is suppUed. No. 4 
still is suppHed with seven lengths of open steam-pipe, all of 
which enter the side of the still. No. i still has an inlet for 
the heated crude tar and an outlet for the partially distilled 
tar. No. 2 still is connected immediately to the outlet of No. i 
and the inlet of No. 3, and No. 3 still to the outlet of No. 2 
and the inlet of No. 4. The last still, No. 4, is provided with 
a pitch cooler outlet which is connected to the pitch cooler. 

The pitch cooler is provided with a manhole and fitted inside 
with a bafile plate so arranged that the pitch will flow up one 
side of the cooler and down the other before it leaves for the 
pitch bay. A cast-iron pipe is fitted inside the cooler and runs 
up one side and down the other. This pipe conducts the hot 
tar from the heater-coolers to the stills. A weir valve is fitted 
to the outlet of the pitch cooler so that any seal of tar in the 
still can be obtained as desired, this being an advantage in 
working different classes of tar. 

The heater-coolers consist of wrought-iron tanks, each pro- 
vided with an inlet near the top and an outlet near the bottom 
through which the crude tar is conducted on its way to the 
pitch cooler and the stills. Each heater-cooler is fitted inside 
with a cast-iron coil connected at the top to the vapour pipe 
and at the bottom to the top of the coil of the water condenser. 
As distillation takes place from the heater-coolers, each cover 
is fitted with an outlet connected to a common main which 
conducts vapours to a water condenser. 

The five water condensers are constructed in wrought-iron 
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and fitted inside with a cast-iron coil. The top of the coil is 
connected with the bottom of the heater-cooler coil, and the 
bottom of the coil to the sight box. Each condenser is fitted 
with inlet and outlet for water supply for the purpose of cooUng 
the distillates. 

Connected to the coils of the water condensers are sight 
boxes. These are provided inside with a seal to prevent foul 
gases from getting into the atmosphere. Each sight box is 
also provided with an outlet for the condensed distillates and 
another for the foul gas. 

The foul gas main is connected to an oxide purifier, ' which 
consists of a brickwork sump filled with Hme and oxide of iron. 

The plant can be heated by any known means. The 
methods which give the best results are heating by gas, using 
bunsen burners and allowing the flame to play direct into the 
heating tubes, and by a coke-breeze furnace. In the latter 
case the heating tubes are connected to the furnace by means 
of silica tubes. 

It takes about eight hours to get the plant into working 
order, after which orJy a very small amount of supervision is 
required. In this plant tar can be fractionated into ammoniacal 
liquor, crude naphtha, light oil, creosote oil, anthracene oil, and 
pitch, and the distillates leave the plant uniform in quality. 



CHAPTER VI 

DISTILLATION OF COAL TAR 

Charging preheater and still — commencing the distillation — crude naphtha 
and ammonia water stage — flight oil stage— -carbolic oil stage — 
creosote stage — ^anthracene oil or "green oil" stage — ^introduction 
of steam — ^Wells' oil — ^method of testing used by stillmen — examina- 
tion of safety-valves, etc. — ^running on pitch — ^recharging still — dis- 
charging pitch and preparation of bay — still cleaning — dehydrated 
tar — tar for road treatment — ^remarks on Road Board specifications 
— tar for roofing felt — continuous dehydration of tar — continuous tar 
distillation — ^tar distillation balance-sheet — working costs. 

^^ The object of distilling coal tar is to increase its usefulness, and, 
therefore, its commercial value. Broadly considered, the process 
of distillation is the same in all works. It- differs only in cer- 
tain details, such as {a) the method of testing for the '* cut " or 
** change-over point " for each fraction, (b) the number of 
fractions a certain tar will yield, or it is desired to collect, (c) the 
wish to manufacture special products from the fractions, (d) the 
quality of pitch required, and {e) whether it is required to make 
special preparations from partly distilled tar,) and so on. ^ 

tBy far the largest portion of the tar which passes through 
a tar distillery is worked for benzols, naphthas, creosotes, 
naphthalene, anthracene, carboUc and cresyUc acids, pyridine 
and pitch, and the distilling of a charge of tar for the various 
fractions from which these products are obtained, and for pitch, 
will receive attention before deaUng with special preparations. 
It will be assumed that a preheater is connected to the tar still, 
and that both are empty. 

A charge of tar is pumped into the preheater from the storage 
tank or well. It is desirable to work well settled tar, as some of 
the entangled anunonia water will have separated to the top, 
and in consequence less time will be occupied in distilling off this 
material. While charging the preheater, the manhd of the still 
should be placed into position, the joint being made of lime 
putty : a mixture of slaked lime and water of the consistence of 
butter. The condensing worms, mains to the receivers, and 
safety devices should be inspected to see if clear of obstruction, 
i.e. not choked up with naphthalene or anthracene salts. A 
15- to 20-ton preheater may be charged through a 6-inch main in 
between 30 and 45 minutes. 

The preheater having been properly charged, the supply is cut 
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off, and the tar turned into the still. As soon as the preheater is 
empty, the discharge cock is shut off, and a fire or the producer 
gas ignited. A further charge of tar is pumped into the pre- 
heater at the same time by the stillman's nxate. The heating 
up of the tar may be pushed until the swan neck becomes hot, 
but immediately that sign becomes evident, considerable care 
must Ue exercised in order to avoid " priming " or boiling over 
of the tar. At that point, then, the firt is slackened a little, 
and the worm-end watched for the first drops of the dsitillate. 
The distillation is now proceeded with, with caution, and it may 
become necessary to slacken the fire a little more at this stage. 
Sufficient heat must, of course, be suj^plied to keep the distillate 
flowing gently from the worm-end into the collecting box. 
Should *' priming " unfortunately occur, damping the fire, or 
shutting off the gas, and playing or pouring cold water on the 
still top will soon stop it. It is not a bad plan to run a i-inch 
emergency water main across the battery of stills, and place in 
it several cocks and connect these to short lengths of hose. 
The tar which comes over during ** priming ** should be turned 
into the overflow tar receiver, the openings from the collecting 
box to the dividing box being promptly shut. 

This portion of the distilnng operation is known as the crude 
naphtha stage, and the fraction' consists of anunonia water and 
crude naphtha. During the whole time the fraction is passing 
the water in the condenser tank must be kept running, and the 
supply should be cold. The distillate drops from the worm-end 
into the collecting box and then passes into the divider, where 
the anunonia water sinks to the bottom, and is removed by the 
water pipe to the inspection box, then via the hquor main to the 
receiver. The crude naphtha flows through the outlet near the 
top of the divider into the main, which conducts it to the re- 
ceiving tank. For a while the amount of water in the distillate 
exceeds that of oil, but as time goes on the amount of the 
former decreases — the latter, of course, increasing. At this 
stage the temperature may be increased a Uttle, but it is yet 
necessary to continue careful firing. The flow of the Hquor 
and naphtha into the receiver mains is regulated by raising or 
lowering the elbows, the one inside the inspection box and the 
other inside the divider, as explained on pages 53 and 54 re- 
spectively. As the amount of water in the distillate decreases, 
so with care may the temperature be raised, but not unduly 
rapidly. Towards the finish of this fraction the small quantity 
of water still coming over will change in colour from a greenish 
yellow to a blood red. From now the stillman should collect 
occasional samples at the worm-end, allow the oil to separate, 
and take its specific gravity. When this reaches a figure pre- 
arranged by the works manager, the outlet to the d&vider is 
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closed, and the cock on the Hght oil receiver main opened. This 
point is known in tar works terminology as the ** change over " 
** cut," or " turn over," point. The specific gravity at the 
" turn over " point may vary between 0.950 and 0.965. Some 
stillmen ** cut " the distillate when water ceases to come, but 
this method often results in a crude naphtha containing rather 
more heavy material than is desirable. The length of time, 
required to work off this distillate will vary according to the 
state of the tar and the volume of the charge. With normal 
tar and a 15- to 20-ton charge, 6 to 12 hours may be taken as 
average times, and with reference to the yield of the distillate 
this may vary between 3 and 6^ gallons per ton of tar. During 
the working off of this fraction the pull on the foul gas mains 
should be sHght, otherwise there will be a loss of light products 
if a recovery plant is not attached to the mains. 

The strength of the ammonia water from the fraction is 
generally between 2 and 3^ per cent, of total NH3, and this pro- 
duct is worked up at the tar distillery, or else sold to a firm of 
ammonia distillers. In order to avoid loss of ammonia, the 
receiver should be kept well sealed, and the liquor removed and 
dealt with as quickly as possible. Crude naphtha varies some- 
what as regards specific gravity, but it usually ranges between 
0.905 and 0.920. From it are obtained chiefly benzols and a 
little Heht naphtha. Full details on the working up of this 
materisu are given in chapters ix, x, xi. 

Soon after the ** change. over " to the hght oil fraction, the 
distillate will begin to run from the worm-end in a moderately 
thick Stream, and practically free from water. I The temperature 
is gradually increased, in order to keep the, distillate running at 
an even rate. At times, when partly through this fraction, 
some water comes over with the oil. It is not usually necessary, 
however, to slacken the firing, and the beginner should not be 
alarmed if this occurs. As the process continues, the amount 
of naphthalene salts in the distillate increases, and it is necessary 
to keep this material from crystaUising out and choking up the 
condensing coil. To avoid this, the flow of water through the 
condensing tank is stopped very shortly after the *' cut " is made. 
The water in the tank then becomes gradually hot by absorbing 
heat from the distillate as it passes through the worm. Should 
the tar contain a large quantity of naphthalene '' salts," making 
this fraction extremely '* salty," it is advisable to bring the 
temperature of the water up more rapidly by introducing a Uttle 
open steam into the tank. Generally the water is allowed toj^t 
hot when the specific gravity of the distillate stands at between 
0.970 and 0.990 at 60° Fahr. The ** change over " point from 
Hght oil to hght creosote varies according to the nature of the 
tar, or if it is desired to make a distillate for a special pur- 
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pose. On this account the stillman may ** cut " the distillate 
when the oil running from the worm-end reaches a specific 
gravity between i.oio and 1.030 at 60° Fahr. The length of 
time taken to work off this distillate will vary, of course, accord- 
ing to the volume of the charge and the nature of the tar ; for 
a charge of 15 to 20 tons, 2 J to 8 hours may be taken as average 
figures. Yield per ton of tar is also chiefly affected by the 
nature of the tar, and may vary between 12 and 25 gallons. As 
a little more foul gas is given off during the working of this 
fraction, and its constituents are not so volatile as those of 
crude naphtha, it is advisable to increase slightly the pull on the 
foul gas main. The specific gravity of Hght oil may vary between 
0.960 and 1.009 at 60° Fahr. 

As the distillation proceeds, the oil running from the worm- 
end begins to appear more or less yellow in colour, and the smell 
of sulphuretted hydrogen, and other foul gases, gets a little 
stronger. A greater pull is put on the foul gas main, and more 
heat is applied to the tar. The temperature of the water in the 
condenser tank is kept elevated, as the distillate will still contain 
a fairly large quantity of naphthalene '* salts.'* Frequently 
towards the end of this fraction the oil will show a tendency to 
set rapidly soUd on coohng, due to a predominance of naphtha- 
lene ** salts.'* This fraction is known as light creosote, middle 
oil, or carbolic oil, and, as the last name indicates, is one from 
which carbolic acid and its homologues are obtained. It is not 
the only one, however, as some tar acids are recovered from both 
the crude naphtha and Hght oil fractions. It is advisable to 
** cut '' earlier for this fraction if the tar contains a large quantity 
of naphthalene. The point at which the distillate is *' cut " to 
make this fraction varies between fairly wide Hmits, viz., when 
the specific gravity at the worm-end stands between 1.035 and 
1.055 9.t 60° Fahr. and sometimes a httle higher (1.060 at 60° 
Fahr.). According to various conditions, the yield per ton 
of tar may be between 8 and 13 gallons, and the specific 
gravity will range between 1.030 and 1.045. The length of time 
taken to work off this fraction, say from a 15- to 20-ton batch, 
falls between ij and 3 J hours. 

As the process continues the distillate gets much yellower, 
the odour stronger, and the tendency to set sohd on coohng 
sometimes decreases. More pull is necessary on the foul gas 
mains, and heavier firing is required to keep the distillate 
flowing from the worm-end in a thick, continuous stream. It 
is advisable to keep the water in the condenser tank hot, in 
spite of the general tendency shown by this fraction to remain 
liquid at more or less normal temperatures ; sometimes it does • 
not. To obtain what is known as the creosote or heavy creosote 
fraction, the distillate is " changed over " when the specific 



DISTILLATION OF COAL TAR 75 

gravity at the worm-end is about 1.070 at 60° Fahr. It is 
difficult to give definite figures for the yield of this fraction, 
or of the length of time it takes to work off ; they vary very 
much according to kind of tar worked, what is desired of the 
fraction, and so on. As a rough guide the yield may be taken 
as ranging between 28 and 35 gaUons per ton of tar, and the 
time to work the fraction off a 15- to 20-ton batch, between 5 
and 7 hours. The specific gravity may be within the limits of 
1.050 and 1.065. 

A stage in the process has now been reached in which the 
distillate has a very strong odour of sulphides, is of a greenish- 
yellow colour, and as it flows from the worm-end in a thick 
stream appears viscid. This fraction contains anthracene 
*' salts " and is liable to bring about an obstruction in the con- 
densing worm, unless the temperature of the condenser water is 
high. It is advisable to keep the water at about boihng-point. 
After this fraction has been running for a short time, the fire 
is slackened and steam is introduced into the still. The intro- 
duction of steam helps to lengthen the fife of the still bottom by 
reducing the tendency of the pitch to coke. It also reduces the 
time required for the distillation, and, if carefully managed, in- 
creases the yield of oil. Passage of steam into the still is con- 
tinued until the finish of the distillation, which point is determined 
according to the quahty of the pitch required. It is not possible 
to give a definite point at which to introduce the steam ; it will 
vary according to the quahty of tar worked, and has to be found 
by experience. Roughly the introduction stage lies between 
the points at which the specific gravity of the distillate at the 
worm-end tests 1.070 and 1.090 at 60° Fahr. Care must be 
taken to use perfectly dry steam ; wet steam, especially if in- 
ordinately wet, is Hable to bring about a boil over. A con- 
venient pressure to employ is 70 lbs. to the square inch. The 
steam valve must be opened gradually ; steam must not be 
admitted into the still suddenly. It is advisable to let the fire 
die out, or shut off the gas, as the case may be, shortly before 
the finishing point is reached, the hot brickwork and the steam 
being sufficient to continue the distillation to the end. A still 
will continue to work for about half an hour to an hour after the 
fires are drawn, and if the precaution just mentioned is not 
taken, there is a risk of making the pitch too hard. According 
to the kind of tar beipg worked, or the qupihty of pitch required, 
the finishing point may vary between a specific gravity of 1.080 
and 1. 130 at 60° Fahr. The yield of this fraction, known as 
anthracene oil or " green '* oil, given approximately as a guide, 
may be between 3 and 18 gallons per ton of tar, and the specific 
gravity may range from 1.070 to i.ioo at 60° Fahr. 

When it is not desired to recover the anthracene, the heavy 
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creosote and anthracene oil fractions are sometimes not separated 
but worked as one fraction. There are certain qualities of coal 
tar which 5deld so little anthracene oil that it is not worth while 
attempting to make a fraction. If it is desired to prepare a 
suitable creosote oil for burning in Wells or " Lucigen " lamps, 
then the heavy creosote distillate is *' cut " at about 1.053 
specific gravity at 60° Fahr., and a fraction collected between 
this point and 1.075 specific gravity at the same temperature. 
A good burning creosote must be absolutely free from insoluble 
matter and suspended naphthalene " salts.'' It should com- 
mence to distil at about 200° C, and approximately 60 per cent, 
distil over by the time 260° C. is reached. The specific gravity 
may vary between 1.065 a-iid 1.070 at 60° Fahr. 

In order that the stillman may test the distillate as it leaves 
the worm-end, he is provided with a No. i Twaddell hydrometer, 
a Fahrenheit thermometer with the scale inside (floating ther- 
mometers similar to those used in dairies are very suitable for 
the purpose), and some test jars. Tinned-iron test cans will 
prove more economical than glass test jars, which are easily 
broken. It is a good plan to arrange that the stillman has the 
*' cut " or *' change o^er " points given him at so many degrees 
Twaddell at 100° Fahr. This facilitates matters, and minimises 
the risk of overrunning the points, as the time taken for cooling 
the sample is less than if a lower temperature were used ; and it 
saves the man making a calculation in cases in which the dis- 
tillate sets sohd above 60° Fahr. 

If safety-valves are fitted to the stills, each of them should be 
examined and the valve given a twist on its seat to keep it in 
working order. This operation must be conducted while the 
stills are being charged, or before they commence to work. 
Syphon or U-pipes, if used in the stead of safety-valves, must 
be cleaned out and filled again with water before the distiUing 
operation commences. A good method of cleaning these pieces 
of apparatus is to blow steam through them from a jet, which 
may be fixed in a convenient place on the top of the battery of 
stills. All the receiver mains should be blown out with steam 
immediately after the distillate has finished running through 
them, or at the latest soon after the distillation has ended. It 
is very advisable to clean out the foul gas mains at least once a 
week, by blowing through them with open steam. 

The residue in the still (pitch) is allowed to remain for a 
varying period before running into the cooler. This is necessary 
in order to minimise the risk of damage to the still and its brick- 
work settings owing to the great heat stored up in them, to put 
less strain upon the cooler should this be of metal, and to reduce 
to a minimum the danger of the pitch taking fire. How long 
a period should elapse before *' running off " the pitch will 
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depend upon circumstances : for instance, whether the coolers 
are built of iron plate, or of brick, or constructed on the French 
weir system. The quantity of pitch in the still is another factor 
in the case. As a good average time z\ hours may be taken ; 
but the writer is acquainted with some cases in which \\ hours 
is the full time allowed, and with others in which 6 or 7 hours are 
allowed to elapse before the running-off operation is carried out. 

If the cooler is of the iron cyHnder type, it must be prepared 
each time before running the pitch into it. Should it be fitted 
with" a plug valve, the plug and seat must be cleaned and white- 
washed. The plug must then be placed carefully on its seat, 
not jambed down too tight. Also the manhole should be covered 
properly with its lid, which may be lightly luted with lime putty. 
It is not necessary or advisable to fasten the Hd down, for if it is 
left unfastened it will act as a kind of safety-valve. Sometimes 
the coolers are whitewashed on the inside, but this need not be 
done if they are arranged so that they drain well. Water must 
not be allowed to gain access to the cooler, as it may bring about 
trouble when hot pitch comes in contact with it. For this 
reason the manUd must be kept on during wet weather. Before 
releasing the pitch into the cooler, put a pull on the foul gas 
main. In hot weather it is a good plan to keep the outside of the 
cooler Hmewashed, if exposed to the sun's rays : it will retard 
the absorption of heat, and so not hinder the coohng. 

When discharging the pitch from the still, the cock on the 
tail pipe should be opened very gradually. If the pitch does not 
run owing to its having set in the exposed portion of the tail 
pipe, and this sometimes occurs in very cold weather, then warm 
the pipe by placing under it a httle tow soaked in creosote and 
igniting it. This must be done carefully. A sufficient time 
must be allowed for the still to thoroughly drain. To com- 
pletely drain the still lowers the works expenses, as it reduces 
the amount of pitch coke formed at each distillation, increases 
the number of times a still can be worked before cleaning, and 
minimises the amount of wear on the still bottom. It is not 
necessary, nor is it advisable, to remove the manlid of the still 
before discharging the pitch ; nor need any of the connections 
be taken apart. The foul gas main connected to the coolers 
should be kept at work for between one and two hours after the 
pitch has befen discharged into them. 

After the still has been discharged, it must be allowed to 
stand empty for a period, the length of which will depend upon 
the size of the still and whether it is provided with a preheater 
or not. If there is no preheater, the flue dampers must be 
opened, in order to allow a current of air to pass round the still 
and cool it. After the elapse of between ij and 2 hours the 
still can then be charged with cold tar. It is not advisable to 



78 COAL TAR DISTILLATION 

shorten the time, as this will introduce the risk of an explosion, 
and also bring about an undue strain on the rivets and seams, 
producing leaks. In cases in which a preheater is provided 
there is no need to draw the dampers, and the still may be 
charged again about half an hour sdter the pitch has been nm 
off. The tar in the preheater being hot the danger of starting 
the seams, or of explosion, is avoided. Whether cold or hot tar 
is run into the still it is as well to commence the operation slowly, 
and increase the speed of flow, say after about 5 or 10 minutes 
has elapsed. Before commencii^ the next distilling operation, 
it is as well to dip the still, to check the amount of the charge. 

The pitch is allowed to remain a number of hours in the 
cooler before it is discharged on to the bay. It is not possible 
to give a definite time, as the size of the cooler, requirements of 
local by-laws, state of the weather, and other conditions will 
affect this. In any case, it is not advisable to run the pitch on 
to the bay too hot ; some of the volatile matter is lost thereby, 
and acrid vapours are given off in such dense clouds that they 
create a nuisance. A good temperature at which to release the 
pitch is 260° Fahr. , When there are several coolers to discharge, 
it is best to release one of them at a time. Arrangements should 
be made to run the pitch on one portion of the bay only, by this 
method allowing a previous running to cool while another section 
is being dug. The pitch must not be run on to the bay too thickly : 
12 to 18 inches is an ample depth. Much above this thickness 
will take an excessive time to cool, and is not dug so easily. 

Before running off the pitch from the coolers the bay must be 
properly prepared to receive it. It is necessary to lime or chalk- 
wash the bottom and the sides if these are of brick or concrete. 
Sand must not be used ; the buyers do not appreciate it. The very 
thinnest wash of lime or chalk-milk is all that is necessary. Every 
endeavour must be made to keep water off the bay, at least just 
previous to the discharging operation and while that is going on. 
The effect of water on hot pitch is to fill it with vapour cells, or in 
other words to make it cellular. This appearance is not sought 
after by buyers. There is of course the difficulty of coping with 
wet weather. The best plan to adopt on a wet day is to Ume- 
wash the bay a few minutes before discharging the pitch, and 
then run it on to the bay as quickly as possible. If the pitch is 
run to the bay via a gutter, see that the gutter is Hmewashed 
and cleaned out after each operation. 

After a still has been worked a number of times, varying 
according to the state of the tar, the care with which the stiU 
was set, and the amount of draining after each operation, it must 
be cleaned. A good average is seven times ; often a still is 
cleaned after working four times, and cases occur in which it 
is not cleaned until it has worked 'eighteen times. The money 
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and time spent in frequent still cleaning cannot be considered as 
wasted. It brings about a saving in fuel and increases the life 
of the still bottom, both to a considerable degree. In the 
cleaning operation, the mixture of partly coked pitch and free 
carbon must be cleaned or scaled off the still bottom and sides 
very thoroughly, taking care to remove any which may adhere 
to rivet heads or find lodgment in seams. The formation of this 
scale is due partly to the heat retained in the brickwork sur- 
rounding the still coking the thin layer of pitch left in the still 
at the end of the " running off '* operation, and partly to '* free 
carbon " which deposits and adheres to the bottom during the 
first and intermediate portions of the operation. For the 
scahng of stills, the following tools are in general use : short 
or miner's picks, straight and cross pane 4-lb. hammers, and 
chipping chisels. 

It is very necessary that certain precautions be taken to pre- 
vent accidents to workmen during the cleaning process. The 
still should be completely isolated from adjoining plant by dis- 
connecting the swan neck from the condenser worm and the 
tail pipe from the pitch cooler. If there is not a small con- 
necting pipe which can be removed completely, then a blank 
flange should be placed between the disconnected flanges. In 
cases in which the still is connected to a preheater the cock on 
the charge pipe must be locked or a blank flange used, as 
just described, on the still side of the cock. The manUd 
must be removed shortly after the pitch has been run off, 
and it is as well to drive out the foul air by blowing steam 
into the still. Sufficient time must be allowed for the still to 
cool before an entry is attempted. The length of time will vary 
according to the size of the still, the time of the year, and 
whether the still is one of a battery or the only one. It is best 
found by experience, but as a guide, 30 to 48 hours are general 
in tar-distiUing practice. A responsible person should inspect 
the still before a workman is allowed to enter. The workman 
who enters the still must have a belt fastened round his body, 
with a rope attached. This belt is best made of stout webbing, 
and provided with two wash-leather pads on the spots which 
come under the armpits. In order that the wearer may be 
drawn up head-foremost in a case of '* gassing,*' the belt must 
be worn well up to the armpits. Two men should be on duty 
outside the still, having charge of the free end of the rope and 
keeping watch on the workman inside for any signs of '' gassing.'' 
The ladder which is used to descend into the still is provided 
with two straight hooks at the top, which fit over the manhole 
edge, and thus prevent slipping. 

Prepared and dehydrated tars kve used for many purposes, 
the chief of which is for road treatment. Among the minor uses 
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may be mentioned its employment in the manufacture of roofing 
felt, electric arc-lamp carbons, and the linings of converters 
used in the basic Bessemer process. Most of the specifications 
to which these prepared tars are made are the private property 
of interested firms. 

Dehydrated tar is made without difficulty by distilHng off 
carefully all the water (entangled anunoniacal Hquor) and with 
it, of course, the crude naphtha, from a charge of coal tar. After 
these products have distilled off, the fire is drawn, dampers 
opened, and the still allowed to rest for a few hours, when the 
dehydrated tar may be pumped into a storage tank, railway tank 
wagons, or filled into barrels. The connection between the still 
and the cooler must, of course, be broken, and the tail pipe of the 
still fitted up to a main connected to a pump, and also by-passed 
to a barrel filling stand-pipe. Sometimes tar which has been 
kept in stock for a considerable time is called dehydrated tar, 
but in the strict sense this is not a correct term, as this kind of 
tar will contain a certain percentage of entangled water, in 
spite of long standing. 

As already mentioned, by far the greater quantity of pre- 
pared tar is used for road treatment, and therefore chief con- 
sideration will be given to it in this connection. A batch, of 
prepared tar, suitable for road treatment, may be manufactured 
as follows. Twenty tons of gas tar are charged into a still, 
and the ammoniacal water, crude naphtha, light oil, and middle 
oil distilled off, as described, on pages 72-74. When the dis- 
tillate at the worm-end reaches a specific gravity of 1.045 at 
60° Fahr. the fires are drawn, or the gas shut off, and the dampers 
opened. The contents of the still are allowed to stand at rest 
until the temperature reaches about 250° Fahr., and then 
2300 gallons of heavy creosote of a specific gravity between 
1.060 and 1.065, and free from " salts'* and water, are added. 
Thorough agitation of the mixture is necessary. The creosote 
is added by pumping it through the tail pipe of the still, and 
agitation is brought about by blowing a gentle current of air 
into the still through the same pipe. A far better plan, and one 
which will not hold the still up while the half-finished material 
is coohng to 250° Fahr., is to provide a cyUndrical boiler tank 
of suitable size as a mixing tank, and run or pump the material 
from the still into this. It shoidd, of course, be allowed to rest 
for an hour or two in the still before running into the mixing 
tank. This tank can be fitted vnth a mechanical agitator, or 
the agitation be carried out by blowing air into the material 
through a perforated pipe. After a thorough mixing, the pre- 
pared tar may be pumped into railway tanks or to a storage 
tank, or filled into barrels for despatch. As it is often required 
that the prepared tar be filled into tar spraying machines hot. 
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it is a good plan to place the storage tank in an elevated posi- 
tion, and provide it with a closed steam coil. By this means 
the tar can be run into the spraying machine by force of gravity, 
and hot. The specific gravity of prepared tars may vary between 
1.16 and 1. 125 at 60° Fahr. 

During the last few years there has been a considerable 
amount of discussion on the subject of tar preparations for road 
treatment. The Road Board issued in April 191 1 a set of 
general directions and specifications relating to the tar treatment 
of roads, and these directions and specifications were revised 
in 1914. The chief items in the tar specifications of interest to 
tar distillers are those which relate to : (a) the source of the 
tar ; {b) the specific gravity ; (c) freedom from water ; (d) 
fractionation ; (e) amoimt of phenols ; (/) free carbon content. 
Briefly, the specific gravity must be high, the amount of water 
and phenols soluble in water low, and the free carbon must not 
be higher than 20 to 21 per cent. If the reader desires further 
particulars he is referred to the hterature on the subject, among 
which are the pubHcations mentioned in the footnotes.^ 

The experience of practical tar distillers, which the writer 
can corroborate, shows that it is not possible for the tar distiller 
to produce from some crude tars a prepared tar that will answer 
the specifications laid down by the Road Board ; and yet tars 
can be manufactured at these works which, when used on 
roads, give results equal to any that answer the Road Board 
specifications. For example, the four tars A, B, C, and D in 
Table XV have been used largely for road treatment, all of 
them giving excellent results, and yet when compared with the 
Road Board specification only C and D answer it. 

TABLE XV 
' Road Tars 



Below 1 70°C. 
170-270° C. 

270-300° C. 



not more than i % 
fnot less than 16 % 
\ not more than 26 'J 



0/ 



/ not less than 3 70 
i.not more than 10 % 



} 



A tar. 


B tar. 


Ctar. 


Dtar. 


nil 


1 0/ 
t /o 


nil 


nil 


30% 


29 /o 


25 % 


22% 


7% 


Q 0' 


10% 


4% 



^ General Directions and Specifications relating to the Tar Treatment of 
Roads : Road Board. Waterlow & Sons, Ltd. 

" Improvements of Highways to meet Modern Condition of Traffic," by 
T. W. Smith. Proc. Inst. C.E. Series 1910-11. 

"Up-to-date Roads," by R. O. Wynne Roberts. Trans. Socy. Engrs., 
May 1910, vol. i. No. 5. 

"Investigations on Coal Tar and some of its Products," A. R. Warnes 
and W. B. Southerton, Trans. Midland Junior Gas Association, 1912. 
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As a matte J of fact A tar has been used on roads subjected to 
very heavy traffic and it has stood well for a period of two years. 

TABLE 



Use 



Origin . 



Specific gravity at 
59** F. 
Content of water . 



Tar No. x. 



Fractionation from 
one-litre flask : — 

Distilling below 
338^ F. 

Distilling between 
338** and 518° F. 



Distilling between 
5i8*» and 572° F. 

Total distillate be- 
tween 338** and 

572^ F. 

Distillate between 

518° and 599"* F. 



Free carbon . 



Surface tarring of 
roads. 



Bituminous coal 
alone, or with not 
more than 10 per cent, 
of its volume of tar, 
etc., produced in manu- 
facture of carburetted 
water-gas. 

1. 16 to 1.22. 

Not exceeding i per 
cent, by volume ; the 
water present not to 
contain more than 5 
grains total ammonia 
per gallon of the tar. 



Not more than i per 
cent, light oils. 

Between 16 and 26 
per cent, middle oils. 
This shall remain free 
from solid matter when 
kept at 86** F. for 30 
minutes.^ 

Between 3 and 10 per 
cent, heavy oils. 

Between 24 and 34 
per cent. 



Between 1 2 and 21 per 
cent, by weight, when 
extracted by benzol 
and carbon disulphide. 
(Residue from extrac- 
tion is *• free carbon.") 



Tar No. a. 



For making tar mac- 
adam, or surface tar- 
ring of roads in very 
hot weather. 

Bituminous coal 
alone, or with not 
more than 25 per cent, 
of it§ volume of tar, 
etc., produced in manu- 
facture of carburetted 
water-gas. 

1. 19 to 1.24. 



Not more than i per 
cent, (light oils and 
water, if any). 

12 to 18 per cent. 
Shall remam clear 
when kept at 77® F. 
for 30 minutes, and not 
contain more than 2 
per cent, phenols. 

6 to 10 per cent. 

21 to 26 per cent. 



12 to 22 per cent, by 
weight. 



^ Hiis requirement may be waived in the case of tar direct from gas- 
works, but tar from which the naphthalene has been extracted is preferable 
to tar containing much naphthalene. This " middle oils " distiUate is re- 
quired further not to yield to caustic soda more crude tar acids (phenols) 
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The following specifications (Table XVa) for tars, pitches, and 
tar oils have been issued by the Road Board (2nd Edition, 1914) : — 



XVa 



Pi^ared pitch from 
tar distilleries. 



Pitch grouting. 



Not more than 4 
per cent, distillate 
below 518** F. 



16 to 28 per cent, 
by weight. 



Commercial soft pitch. 



Pitch grouting. 



As for Tar No. 2. 



Not more than i per 
cent, distillate below 
5i8« F. 



2 to 5 per cent. 



18 to 31 per cent, by 
weight. 



Tar oil. 



For softening com- 
mercial soft pitc^ for 
pitch grouting. 

A filtered green or 
anthracene oil: origin 
as for Tar No. 2. 



1.065 to 1.085 2it 
68« F. 

Shall be commer- 
cially free from light 
oils and water. 



Not more than i per 
cent, (light oils and 
water, if any). 

Below 518* F., not 
more than 30 per cent, 
(middle oils, light oils, 
and water). 



Below 626° F., not 
less than 96 per cent, 
total distillate. 



than is equivalent to 3 per cent, of the tar (by volume). The original 
publication (Waterlow & Sons, price 8d.) should be consulted for details 
of the method of distillation, etc. 
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Some manufacturers of road tars advocate the addition of 
crude naphtha , to these preparations. This should not be 
tolerated, as crude naphtha is a valuable benzol, toluol, and 
naphtha 5delding material. If ever middle oils are employed 
in the manufacture of road tars they should be deprived of the 
useful phenols first. 

A tar for the manufacture of roofing felt may be prepared by 
distilUng a charge of coal tar until the distillate at the worm-end 
tests 1.050 at 60° Fahr. The distillate which comes over before 
this point is reached is separated into the usual fractions as 
already described. The residue is allowed to cool to about 240° 
Fahr. either in the still or in a suitable tnixing tank, and then 
mixed with creosote of a specific gravity 1.045 at 60° Fahr., in 
the proportion of 1750 gallons for every 15 tons of tar distilled. 

The processes of continuous dehydration and continuous dis- 
tillation of tar as carried out when using the Hird plants 
described in Chapter V. will now receive attention. In the 
continuous dehydration plant the following takes place. On 
leaving the storage tank the crude tar enters the condenser 
tank by the tar inlet at the bottom, and in passing 
upwards to the outlet on the opposite side of the tank circu- 
lates round the condenser coil and absorbs heat from the 
distillate which is passing through this coil on" its way to the 
distillate receiver. After leaving the condenser tank the crude 
tar passes through the inner tube of the cooler, and while doing 
this it absorbs heat and cools the prepared tar which is flowing 
through the cooler jacket on its way to the prepared tar receiver. 
From the cooler the hot crude tar enters the still at a tempera- 
ture approximating 70° C, and travels first down one side and 
then up the other, due to the presence of the central longitudinal 
bafile. While the tar is passing through the still it is heated 
by the four bunsen burners working in the tubes at the still 
bottom, and it gives off in the form of vapour the crude naphtha, 
light oil, and carbolic oil, which pass forward through the swan 
neck and vapour pipe to the condenser coil, where they are 
condensed, and from which they are conducted in the liquid 
form to the distillate receiver. The tar leaves the still, passes 
into the jacket of the heater, and thence into the prepared tar 
receiver. 

The continuous process of tar dehydration offers several 
advantages over the intermittent system, among which are 
(i) low supervision charges, (2) low fuel consumption per ton 
of tar distilled, (3) reduced wear and tear of plant, (4) small 
area occupied by plant, (5) low cost of plant. Continuous 
dehydration plants can be considered satisfactory for the re- 
moval of the benzol and toluol which are taken up by the tar 
in the gas-washing process. They are also very suitable for the 
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preparation of prepared tars to answer the Road Board speci- 
fications. It is, of course, necessary to vary the working tem- 
perature according to the kind of prepared tar required. For 
tar to answer specification No. i for spraying, the working tem- 
perature approximates 230° C; for specification No. 2, tar for 
macadam, a working temperature of 260° C. is necessary, and 
for specification No. 3, tar for grouting, a temperature of 288° C. 
is the best to employ. Naturally the character of the prepared 
tar and the yield of distillates will vary a Uttle according to the 
quahty of the crude tar passing through the plant. The fuel 
consumption is very low ; for instance, in the case of the Hird 
plant, in making No. 2 Road Board specification tar at a working 
temperature of 260° C, i ton of tar required 67 lbs. coke breeze, 
or if gas-heated, 550 cubic feet of gas at 500 B.Th.U. The finished 
tar on leaving the plant has a temperature of from 230-260° C, 
and on flowing through the heat interchanger heats the ingoing 
tar to approximately 100° C. Crystallisation of naphthalene 
in the light oil need not be feared as this distillate leaves the 
condenser and passes through the seal box at a temperature 
sufficiently high to prevent it. 

Compared with the intermittent system, Hird's continuous 
system of tar distillation shows several advantages. The chief 
of these are : — 

(i) When started the plant is able to do its work automati- 
cally, without depending entirely upon personal supervision. 

(2) Very low temperatures prevail throughout the whole of 
the stills, with the result that wear and tear of plant is reduced 
to a minimum. 

(3) Priming troubles are entirely eUminated, with the resxilt 
that the various distillates are very light in colour, and leave 
little residue on re-distillation. 

(4) The process being continuous, there is no loss of heat 
from stopping and restailing and, consequently, there is a 
distinct economy in the cost of distillation. 

(5) The various fractions are automatically and simultan- 
eouly discharged into the receivers, and no attention whatever 
is necessary in this respect. 

(6) The size of the plant is approximately one-quarter that 
of the intermittent tar still for the same output. A plant to 
deal continuously with one ton of tar per hour never contains 
more than 3 tons of tar in process of distillation. 

Briefly, the method of working this plant (see Figs. 38-42) is 
as follows : The crude tar is conducted from the storage tank 
into the regulating tank, and from this tank it flows to the first 
of a Series of four heaters, a constant head being maintained by 
means of a float valve in the regulating tank. On passing through 
these heaters the temperature of the tar is raised by its receiving 
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heat from the distillates leaving the stills as they pass through 
the coils. During its passage the tar is deprived of some of its 
water and crude naphtha. The vapours of these materials* 
pass into a common main and thence through the coil of a coil 
condenser, in which they are condensed. The condensed 
liquids pass through a sight box and a separator, and then to 
their respective receivers. 

After its passage through the heater-coolers the tar flows 
through the pitch cooler, and while doing this its temperature 
is further raised, while that of the pitch is correspondingly 
lowered. On leaving the pitch cooler the temperature of the 
tar is approximately 126° C, and at this temperature it enters 
No. I still. Here the balance of the anmioniacal Uquor and 
crude naphtha are distilled off. Leaving No. i still the tar 
enters No. 2 still, in which its temperature is raised to about 
249° C, and during its passage through this still the Hght oil 
is distilled off. Entering No. 3 still its temperature is raised 
to approximately 340° C, and at this temperature the creosote 
oil comes over. Passing from this still the partly distilled tar 
enters No. 4, in which its temperature is actually reduced, 
falling approximately to 260° C. This reduction is effected by 
the employment of injected steam, no other means of heating 
being employed in this still. The tar is in fact submitted to a 
steam distillation which brings over the anthracene oil at a 
much lower temperature than would be necessary if fire heat 
were employed. This effects a considerable saving on the 
plant from a wear-and-tear point of view. 

The residue in No. 4 still is Uquid pitch, and this passes from 
the still into the pitch cooler, through which it travels on its 
way to the pitch bay, and during its progress it gives up much 
of its heat to the crude tar passing through a pipe inmiersed in 
it on its way to No. i still. The temperature of the pitch on 
leaving the cooler is such that it does away with the giving off 
of the white irritating fumes so often observed when running 
off pitch in the intermittent system. 

With this plant it is possible to adjust the temperatures so 
as to obtain continuously uniform fractions of any desired 
boiUng-point, while at the same time the pitch can be varied 
to meet any desired twisting point. One man is able to super- 
intend the working of the plant, his duty being merely to adjust 
the burners and read the thermometers, which indicate clearly 
the working of the stills. 

To enable the works manager to keep some sort of check on 
the yield of the various distillates obtained from the tar which 
he is passing through his stills from month to month, it is a good 
plan to maJke out a balance-sheet, say once a week, similar to 
the following : — 
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Tar distilled 





Tons. 


Galls, per Ton. Tons. 


• 


100 


Liquor . . .5.86 3.00 
Crude naphtha 3.83 1.56 
Light oil . . 16.80 7.57 
Middle oil . 9.68 4.47 
Creosote . . 29.40 13.72 
Pitch . . . — 67.78 
Loss (by difference) . — 1.90 



100 



100.00 



Ultimate Products 



Benzol, 90 % . . 

Solvent naphtha, 90-160° 

Heavy naphtha, .920 . 

CarboUc, 50° 

Creosote — 

From tar direct 39.08 
From bottoms . 14.39 



1.71 galls, per ton tar. 
2.06 

0.45 
4.03 
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Working costs in regard to the distillation of tar will vary 
in different works according to local conditions, kind of tar, 
type of plant, condition of plant, whether gas or coal firing is 
employed, and so on. The following figures may, however, 
prove of some use as a guide to beginners. 

Wages proauctive and non-productive, 2S. 6d. per ton of 
tar distilled. 

Stillman's wages, 4 Jd. per ton of tar distilled. 



CHAPTER VII 

PLANT FOR RECOVERING CRESYLIC AND CARBOLIC ACIDS FROM OILS 

Sulphuric acid process — washers — storage tanks — ^springing tank — COg 
process — carbonating boilers — ^phenolate tanks — ^pump and sump — 
reaction towers — divider tanks — receivers for tar acids — ^receivers for 
spent liquor — ^finishing tank — acid egg — storage tanks — CO2 gas — CO2 
furnaces — ^purifying and washing towers — water separator — causticis- 
ing plant — causticisers — storage tanks — ^filters — ^pump — evaporators 
— cresylic acid — still charging tank — still — ^fractionating tower — 
condenser — '* bottoms " receiver — ^pitch bay — cresylic and carbolic 
I receivers — ^air blowing tank — continuous tar acid extraction plants. 

There are two methods in general use for the recovering of 
phenols from tar distillates : (a) The sulphuric acid process, in 
which moderately dilute sxilphuric acid is used to decompose the 
solution of phenolates — known technically as *' carbolate " and 
" cresylate *' — and the resulting sodium sulphate run to the 
drain, the phenols only being recovered ; and (b) the COg process, 
in which carbonic acid gas is employed to decompose the '* car- 
bolate " or ** cresylate," the resulting sodium carbonate being 
converted into caustic soda by causticisation, and used for ex- 
tracting a further quantity of tar acids. The latter process is 
sometimes known as the "continuous process." It is much 
more economical to work than the former, although the initial 
] outlay for plant is somewhat greater. 

Washing tanks, generally known as washers, are required 
for both processes. These tanks may have a, total capacity of 
3500 to 4500 gallons, and in shape are generally cylindrical ; 
sometimes round-bottomed, trough-shaped tanks are used. The 
cyUndrical washers are placed in a horizontal or vertical position. 
If in the former position, the washer should be tilted a Uttle 
towards the outlet, but if in the latter, it should be provided with 
a dish or shallow cone-shaped bottom. A cone-shaped bottom 
will give the best results as regards draining. Horizontal washers 
are provided with a shaft on which are fitted agitating arms, and 
the journals of which pass through stuffing boxes let in each 
end of the washer. Good second-hand boilers, from which the 
tubes have been drawn and the ends blanked, make excellent 
washers. Vertical washers may be fitted with an archimedean 
screw agitator, or wing agitators, on a horizontal or vertical 
shaft. If an agitator of the latter type is used in the vertical 
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position it is advisable to fit several fixed arms on the side of 
the apparatus. It is policy to cover the vertical and also the 
horizontal trough-shaped washers, and a manhole and lid must 
be provided. A useful piece of apparatus to employ in connection 
with the washer is an oil separator. This is similar in pattern 
to the divider box described on page 53, Fig. 30, but it is often 
made a Uttle larger. The object of using this piece of apparatus 
is to separate any oil from the final runnings and drainings of 
**carbolate" or *' cresylate/* a matter of some importance. 
Any oil which may come with the ammoniacal Uquor, which it 
is sometimes necessary to draw off before commencing a wash, 
may be recovered if a separator is used. 

With the exception of " carbolate " and " cresylate ** stor- 
age tanks and tar acid storage tanks, which may be of any 
shape and size to suit circumstances, a *' springing '* tank is the 
only other piece of plant required in the sulphuric acid process. 
The ** springing tank ** may be constructed of wrought-iron 
plate, but even if care is used in conducting the process, some 
corrosion of the plates, and, if mechanical agitators are fitted 
to the tank, of the agitators, will take place. Lead-Uned iron 
or wooden vessels are more suitable for this part of the process. 
It is now possible to obtain iron vessels homogeneously coated 
with lead, covered, and provided with an agitator. A vessel of 
this kind is very suitable for the '* springing " of carbolate. 
Covered tanks provided with mechanical agitators are safer to 
use than uncovered tanks, the contents of which are agitated by 
hand. Wooden agitators are usually employed for hand agita- 
tion. The shape of a " springing " tank may be cylindrical, or 
hke a round-bottomed trough. Cylindrical tanks may be 
placed horizontally or vertically. If in the latter position, and 
this is really the best, a dished or cone bottom should be fitted 
to the tank. This will allow of a better draining of the tank from 
the sodium sulphate liquor which separates after *' springing." 
The cock fitted to the bottom of the tank to run off the contents 
should be made of acid-resisting metal, such as regulus metal 
or *' Tantiron,'* for preference. Some people prefer to skim 
the tar acids off the surface of the sulphate Uquor, but this is 
not so cleanly as running first the sulphate liquor and then the 
tar acids from a bottom cock. The capacity of a ** springing " 
tank may vary between 1000 and 2000 gallons, sometimes 
even greater, but a good average figure may be taken as 1500 
gallons. 

For working the COg process more plant is required than 
that just described for the sulphuric acid process, and it is 
of a somewhat compHcated nature. In addition to the wash- 
ing tanks, the following are necessary : Two ** carbolate '* or 
*' cresylate '* boilers, a pump and suction sump, a reaction 
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tower, two dividing tanks, a receiving tank for the tar acids, a 
receiver for the spent liquor (impure carbonate of soda solution), 
one finishing tank, one acid egg, one furnace for generating CO2, 
a dust separating apparatus and tower for* purifying and wash- 
ing the COg, and the necessary pipe lines and arrangement for 
removing the water which sometimes separates from the gas. 
The gas may be drawn through the apparatus by the employ- 
ment of a steam jet. According to the requirements of the 
AlkaU Act, the spent gas must be purified before passing to the 
atmosphere. Tlus can be done by passing it through one or 
other of the well-known purifiers, and then allowing it to escape 
into the chimney stack, or it may be passed over the steam 
boiler fires, after travelHng through a seal pot, as described 
when dealing with foul gas mains, pages 55, 56, Fig. 32. 

Instead of employing a reaction tower, some distillers prefer 
to put in what are known as carbonating boilers. The number 
of these boilers required will vary according to the volume of 
** carbolate '' to be dealt with, but it is advisable to put in at 
least four. No large divider boxes, receivers, or pump and 
sump, are necessary if carbonating boilers are used. Of course 
a pump for removing the spent Uquor is required in both cases. 
The COg is forced through the ** carbolate '' or "cresylate** 
via perforated coils, by means of a compression pump, and the 
acids which separate are either removed from the boilers by 
means of skimmer pipes, or the contents of the boilers are run 
into tanks with open tops, and after standing for a sufficient 
time, the acids are removed by skimmer pipes. If desired the 
separation of the acids from the spent liquor may be carried but 
by running off from a bottom cock first the spent Uquor and then 
the tar acids. When nearing the line of separation it is wise 
to run the Hquid through a small dividing apparatus (p. 53. 
Fig. 30), thus avoiding any loss of acids. 

Dealing with the COg process, in which a reaction or car- 
bonating tower is used, the pieces of plant named wiU be 
described in the order given. 

The '* carbolate '* or *' cresylate '' tanks are constructed of 
wrought-iron plates. Second-hand, cyUndrical boilers, if in good 
condition, make excellent tanks for this purpose. Whether new or 
second-hand tanks are used the joints must be well caulked, or 
leakage will take place. A hole is cut in the top to admit a ij- or 
2-inch inlet pipe ; two smaller holes are cut, one for the admission 
of a i-inch steam-pipe, to which is connected a double-lap closed 
steam coil, and the other to allow the exit of the exhaust pipe of 
this coil. Both these holes should be at the top of the boiler- 
tank. The manhole and cover are allowed to remain : a man- 
hole is sometimes useful for cleaning or inspection purposes. At 
one end of the boiler tank a ij-inch hole is cut, the centre of 
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which should be 3I inches from the bottom of the tank, and a 
ij-inch pipe is fitted by means of a flange. This pipe is to 
conduct the phenolates to the pump sump. A cast-iron gland 
cock is fitted near the end of the pipe to regulate the flow into 
the sump, and it is wise to fit a further cock a few inches from 
the tank as a safeguard in case of accident. It is a good plan 
to arrange for a steam connection into this pipe in order to assist 
in removing any obstructions which may occur, and provision 
for the insertion of an open steam end into the tank is an 
advantage. At the opposite end of the boiler-tank a small mud- 
hole 6 inches by 4 inches shoiild be cnt. The lower edge of the 
hole must be as near the bottom as possible, and a casting shoiild 
be riveted on to cairy the mud-hole cover. Both tank boilers 
may rest on 14-inch to 18-inch brick cradles, just a few inches 
above the ground level. The capacity of these tanks will vaty, 
of course, according to the quantity of tar acids it is desired to 
make per day. 

The pump may be of any good make, and the deUvery vary 
between i inch and ij inches according to circumstances. It is 
erected a few inches from the ground level, in close proximity 
to the sump. A cast-iron vessel, about 2 feet deep and i foot in 
diameter,, makes a suitable sump ; a wrought-iron steam boiler 
dome will answer admirably. The sump is situated so that the 
top rises about 3 inches from the ground level, and if out-of- 
doors a wooden cover should be provided to keep rain out. A 
few inches of puddle should be put in the hole before placing 
the sump into position. 

There are two chief types of reaction or carbonating tower : 
the packed and the plate. The latter kind of tower is built 
up of cast-iron sections, while the former is constructed of 
wrought-iron plates. One of the best designs of plate tower is 
illustrated in Fig. 43. Naturally the size of the tower will vary 
according to the quantity of phenolate it is desired to decompose 
per diem. It may be approximately 15 feet high and 2 feet in 
diameter, the sections being 8J inches deep over all. The 
number of dispersers in each section will vary according to its 
diameter. In a section of 2 feet diameter 8 may be put in, the 
inlets to the dispersers being ij inches internal diameter and 
the diameter of the disperser hoods 4 inches. Each hood shoiild 
have 12 by ^-inch openings in the circle. Only one internal 
drain-pipe of ij-inch bore is necessary for each section. This 
pipe should be arranged to allow a seal of if inches of Uquid on 
each plate. It is an advantage to provide an inlet for a steam- 
pipe so that the tower may be steamed out occasionally. The 
positions of the gas inlet and outlet, and also of the outlet for 
the spent liquor and tar acids, are shown in Fig. 43. 

A packed reaction or carbonating tower is filled with foundry 
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Fig. 43. — Carbonating or Reaction Tower — Plate Type. 
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coke, earthenware balls, tiles, or one of the numerous patent 
tower packings. To pack a tower for this kind of work with 
coke is in the writer's opinion a mistake : the coke soon becomes 
clogged and the available reaction surface is thereby much 
reduced. Often it clogs into hard masses, leaving fairly large 
holes here and there, called ** rat holes,*' up which the gas travels, 
coming in contact with only the outside portions of moderately 
thick streams of Uquid flowing in the opposite direction. 
Earthenware balls alone, or with small granite chips, in the 
writer's hands, have given excellent results. In choosing a 
packing for a reaction tower of this kind, due regard shoxild be 
given to the question of reaction surface : the greater this is 
the more rapid will be the decomposition. Three-inch earthen- 
ware balls with ^-inch hole give approximately 14.5 square feet 
of reaction surface per cubic foot of tower space ; 2-inch balls 
with J-inch hole, 23.3 square feet ; and i-inch balls with no 
hole, 37.3 square feet. Small granite chips, about i inch by 
i inch by J inch approximately, will give a very considerable 
reaction surface ; about 100 square feet per cubic foot of tower 
space may be taken as a guide. A tower to deal with 2500 
gallons of phenolate solution, containing 20 per cent, of tar 
acids, per 24 hours, would require to be about 13 feet high and 
4 feet in diameter, if packed with i-inch balls with no hole, or 
if 2-inch balls with J-inch hole are used, the height of the tower 
may be 22 feet and the diameter 4 feet. If packed with 3-inch 
balls with ^-inch hole, a height of 27 feet and a diameter of 
4 feet 6 inches would be necessary ; or if 4 feet of small granite 
chips and 18 feet of 3-inch balls were used as packing, then the 
height of the tower could be reduced to 25 feet, the diameter 
remaining the same. These figures are given as a guide, and 
may of course be varied according to requirements. The 
wrought-iron plates of which the tower is constructed need 
not be thicker than J inch ; J-inch plates are often used. If 
balls and granite chips are used together, two perforated plates 
are required, one as a false bottom and the other to rest on the 
top of the balls to support the granite chips. If balls are used 
alone, then one plate for the false bottom is all that is necessary. 
The plate for the false bottom should be | inch to i inch thick 
with J-inch holes at i-inch pitch, and supported on cross-bars 
about I foot 6 inches from the bottom of the tower, but the top 
plate need not be more than J inch thick, the holes being of the 
same diameter and at the same pitch. Cast-iron is the best 
metal to use. In the top or cover plate of the tower, a 4-inch 
hole should be cut for the gas outlet pipe, a hole for a manhole 
of the usual size, and one for the phenolate delivery pipe, which 
latter leads to a spray arrangement. A 4-inch gas inlet is made 
with the centre at least 5 inches from the bottom of the tower 
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and to this a screwed flange is fitted. The end of the gas pipe 
is introduced through this flange so that 3 or 4 inches project 
on the inside. An inlet for a i-inch steam-pipe to admit steam 
for steaming out the tower occasionally is made with its centre 
about 8 inches from the bottom of the tower, and in the bottom 
plate an outlet, about i^ inches in diameter, is provided for the 
pipe which conducts the mixture of spent liquor and tar acids 
to the divider tank. The spray arrangement may be of the 
Gumey type (see Fig. 44), or built Up of a 6- way piece connected 
to the delivery pipe inside the tower, and into wluch are screwed 
6 lengths of J-inch wrought-iron pipe, about 22 inches long, 
and perforated with J-inch holes on the under side at a pitch of 
approximately 5 inches. These holes shoxild be in alternate 
positions when one pipe is compared with the next. Details of 

the method of packing this type of 
tower, and the arrangement of the 
pipes, are shown in Fig. 45. 

The divider tanks are made of 
wrought-iron and much larger than 
those used in the tar distilling plant. 
They are generally constructed square 
in plan, and the depth nearly twice 
that of the width. An average size is 
2 feet 3 inches by 2 feet 3 inches by 4 
feet deep, i-inch wrought-iron plate 
being used, the seams thoroughly 
""'™-'"*^ caulked, and an angle rim placed out- 
Fio. 44.— Gumey;s Jet arranged ^{^^q jn order to promotc the forward 

for Carbonating Tower. ^ - ^ ^^ , -i • 

now of separated spent hquor one 
divider tank is set about 9 inches higher than the other. The 
pipe to the tar acid receiver which is attached to the first or 
separating tank is of i-inch wrought-iron pipe, and it is con- 
nected to a movable syphon pipe as shown in the diagram 
(Fig. 46). The lower tank is really a catch tank, which retains 
any tar acids escaping from the divider, and the pipe from the 
separating tank which leads the separated spent Uquor to this 
tank and also the pipe which conducts the spent liquor from 
the catch tank to the spent liquor receiver are of ij inches 
wrought-iron. Any tar acid which separates in the catch tank, 
and it should be very little, is removed by skimming. Re- 
ference to Fig. 46 will give the method of fixing and other details. 
A wrought-iron riveted tank, square, rectangular, or cyl- 
indricaJ in shape, may be used for the tar acid receiver. It 
should be placed near the divider tanks, and, if in the open air, 
covered in, a lid being provided in the cover in order to make 
inspections. The outlet pipe, which is of i-inch wrought-iron, 
is with advantage connected with a movable skimmer pipe, as 
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generally on standing some spent liquor separates from the tar 
acids and settles to the bottom. In order to facilitate this 
separation, and thus 
save some sulphuric 
acid, a closed steam coil 
may be placed at the 
bottom of the tank and 
fed with exhaust steam. 
The tar acids shoiild be 
kept at a temperature 
not exceeding 75° Fahr. 
As regards the size of 
the tank, this will of 
course vary according to 
the volume of tar acids 
it is desired to deal with 
per day. The tank may 
be erected on theground 
level, or raised several 
inches, according to cir- 
cumstances. 

The receiver for 
spent liquor should be 
of wrought-iron, and a 
good-quaUty second- 
hand steam boiler 
answers admirably. It 
should be placed partly 
or wholly below^ the 
ground level, according 
to circumstances. The 
hole must be lined with 
well-made puddle before 
putting the tank in. A 
manhole with tight 
cover, a dipping pipe 
which also makes an air 
vent, and holes for inlet 
pipe and suction pipe, 
are required. The dip- 
ping pipe should reach 
about 9 to 12 inches 
above the ground level, 
and need only be f-inch 
internal diameter, the 
inlet pipe hole i^ in- 
ches, and the suction 

pipe 2 inches. If the Fig. 45.— a cylindrical Carbonating Tower, Packed Type. 
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tank is only partly below ground, the dipping pipe is not 
necessary : a |-inch hole will suffice. 

A lead-lined tank must be put in for the purpose of carrying 
out the finishing operation. The tank may be rectangular or 
square in plan, and built of well creosoted timber, Uned on the 
inside with stout " chemical " lead. Five or seven pound lead 
is quite thick enough. There is no need to provide for any 
openings in this tank, as the finished acids can be most con- 
veniently removed to the acid egg by means of an ever-ready 
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Fig. 46. — Divider Tanks, CO2 Tar Acid Recovery Process. 

syphon (Fig. 47). The tank should be placed as near to the 
acid receivers as possible, and on the ground level. 

The acid egg may be constructed of cast-iron, wrought-iron, 
or lead. Of the three metals, lead is the least hkely to suffer 
from corrosion, but to construct a large egg, say of a capacity of 
150-200 gallons, is an expensive matter. Cast-iron is Uable 
to fracture, and in the writer's opinion a wrought-iron egg will 
give excellent results and suffer very little corrosion if properly 
managed. There is no difficulty in making a wrought-iron 
egg of large size, and it is cheap. If the ends are well dished, 
there is no need to put in a central stay, which is of course 
necessary if the egg is made with flat ends. The egg should 
be provided with a pressure gauge, a safety-valve, a 6-inch 
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circular hole with strengthening ring and draw-up manlid, a 
I -inch air inlet, the pipe just entering, a ij-inch or 2-inch outlet 
pipe, which should reach to within ij inches from the bottom 
of the egg, and a i-inch drain cock. For the position of the 
various fittings, reference to Fig. 48 should be made. The egg 
should be placed below ground, immediately under the finishing 
tank, and a brick-lined sump should be made under the drain 
cock as shown in Fig. 48. When setting the egg, a fall of 4 
inches in 10 feet towards the drain cock must be allowed. As 
already mentioned, the tar acids are transferred from the 
finishing tank to the acid egg by an ever-ready syphon ; this 
piece of apparatus is illustrated in Fig. 47. 

The tar acids may be stored in wrought-iron tanks of any 
convenient shape and size : they should be covered in and a 
manhole and lid provided. A i i-inch 
drain cock of cast-iron should be fitted 
on the bottom of the tank, and the 
cock to be used for emptying purposes 
must be fitted on the side with its 
centre line 4 inches from the bottom of 
the tank. It should be a 2-inch cast- 
iron gland cock. Storage tanks may 
be supported on brick or concrete 
piers, at a convenient height for filling 
barrels. Arrangements should be made 
for connecting the emptying cock with 
mains for filling railway tanks or tank 
boats, also for connecting up to a 
steam supply in order that an open 
steam end may be inserted into the 
tank to steam it out when it requires cleaning. 

In the COg process, one of the most important pieces of 
apparatus is that from which the supply of carbonic acid gas is 
drawn. Sometimes the waste gases from the flues of a steam 
boiler, under which coke is burned, are used, after purifying, for 
this purpose. This method cannot be reconunended. The 
same may be said of the method of using waste gases from an 
ammonia distiUing apparatus. Undoubtedly the best plan is to 
employ a special furnace, built just the right size to supply the 
plant with sufiicient purified gas when it is working under full 
pressure. 

There are several patent COg furnaces put on the market 
by various makers, but it may be preferred to build one*s own 
furnace. Three chief designs of furnace exist : the flat or dead 
hearth ; the firegrate, in which the coke is burned on firebars ; 
and the water-bosh or water-sealed furnace. In the first type of 
furnace, the fuel is fed to the fire at the top, and in burning it 
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Fig. 47. — Ever-ready Syphon, 
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rests on the firebrick bottom of the furnace. A cast-iron door 
about i8 inches by lo inches is put in on a level with the bottom 
of the furnace, on the front of which is an air grid to regulate 
the admission of air, and through which the cHnker is withc&awn. 
The gas is taken off from the top of the furnace. With this type 
of furnace, trouble often arises with the air regulation, the fure 
burns very unevenly, and during the cleaning or clinkering pro- 
cess much unburned coke is withdrawn with the clinker, and the 
uniformity of the gas is upset for an inordinate length of time. 
The cHnker is often considerable. In the second type of furnace 
the air regulation is under better control, especially if the ash- 
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Fig. 48. — Egg for use on Carbolic Plant, etc. 

pit is closed by a door on the face of which air grids are fitted. 
The fire burns much more evenly, but unless the bars are water- 
cooled they are rapidly burned away ; even when they are 
cooled with water, a good deal of trouble is experienced in this 
direction, and during the removal of the chnker much excess 
of cold air is admitted to the furnace. 

The last type of furnace is, in the writer's opinion, the best. 
Two furnaces which he designed, and which varied somewhat 
in detail, both yielded excellent results. They gave very little 
trouble as regards clinker, and no trouble due to excessive air 
admission and its resulting uneven quality of gas during cleaning. 
The fuel is fed in from the top via a hopper and bell valve, and 
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the poking down carried out through poking holes. Ashes, 
with very little clinker, are removed through the water seal or 
bosh. The gas is drawn off through a firebrick-Uned flue in 
the side of the furnace near the top. This flue bends round in 
such a fashion that the position of the exit is at the furnace 
top, and there it is connected with a cast-iron gas pipe.' Air 
inlets are provided at each of the four sides of the furnace, and 
they are made so that the quantity of air can be regulated by 
slides. running in frames built in the brickwork. The furnace 
is Uned with best ganister brick ; when working properly, the 
temperature of the furnace is so great as to fuse most, if not all, 
qualities of firebrick. A staging, supported on brackets, is 
fitted round the top of the furnace ; this is for the man to work 
upon. The furnace top is also covered with a cast-iron plate. 
It is advisable to strengthen the furnace with light backstaves 
and tie-rods. Fig. 49 will show the shape and many details 
associated with this type of furnace. 

As the gas leaves the furnace it carries with it a fair amount 
of dust,' and also impurities such as sulphur dioxide and sul- 
phuretted hydrogen, together with some moisture. These it is 
necessary to separate as far as possible before the gas enters 
the reaction tower, or if carbonators are used, these vessels. 
The dust must be separated first, and then the gaseous im- 
purities, and finally as much of the moisture as possible. A 
dust separator may be built in the bottom portion of the washing 
and purifying tower, or erected as a separate piece of apparatus. 
It should be of cast-iron. A simple and yet efficacious piece 
of apparatus for carrying out the dust-separating operation is 
shown with approximate measurements in Fig. 50, and Fig. 51 
shows one built in the bottom of a purifying tower. If the 
dust separator is erected as a separate piece of apparatus, it 
must be placed between the furnace and purifying tower. In 
the event of a water-sealed COg generator being used it is a good 
plan to place the dust separator as near the furnace as possible. 
The object of this is to keep the separator hot in order to avoid 
the condensation of moisture, which, if it takes place, will convert 
the dust into mud. It is necessary to remove frequently the 
dust from the separator in order to prevent choking. 

The purifying or washing tower (Fig. 52) is best constructed 
of cast-iron sections, square or round in plan. If round, each 
section should be about 3 feet in diameter, and if square, about 
2 feet 6 inches by 2 feet 6 inches. In either case, each section 
should be 12 inches deep. Each section carries a grid, supported 
on a ridge cast on the section (see Fig. 52). The grids may be 
of wood or mild steel ; the writer is inclined towards the use of 
mild steel, as in his experience the amount of corrosion is ex- 
ceedingly small. Wooden grids eventually become soft and 
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rotten. Mild steel grids should be of i-inch plate drilled with 
^B-inch holes at i-inch pitch. Each grid should be covered 
with a layer of limestone chips about ij-inch size, to a depth 
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Fio. 45.— Furnace for Genenlioo of COj. 

between 5 and 6 inches. A hand hole is made in each section, 
the lower portion of which must be on a level with the top of 
the grid or tray. The number of sections in the tower will vary 
according to the quantity of gas passing through it per day. 
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For a plant burning 800 lbs. of coke per 24 hours, a tower of 
8 sections 2 feet 6 inches square will prove quite suitable. 
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Fig. 50. — Dust Separator. 
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WASH WATER OUTLET 
Fig. 51. — Purifying Tower with Dust Separator built in Bottom. 

The bottom section has no grid, but should have a hand 
hole, and into this section the gas enters by a 4-inch cast-iron 
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pipe, the centre line of which is 6 inches from the bottom of 
the section. A i-inch or ij-inch exit for wash water is pro- 
vided for in the bottom of the section. To the top section is 
fitted a 4-inch cast-iron gas outlet pipe, and also a i-inch water 

inlet. The water is di^tri- 

(S&s% cisfliTiET buted oyer the top grid by 

means of a Gurney s jet (Fig. 
44). In order that the gas 
pipes conducting the purified 
gas from the washing tower 
can be cleared of any ob- 
struction which may occur — 
and obstructions have oc- 
curred occasionally in the 
writer's experience — ^they are 
fitted with fourway pieces 
arranged as shown in Fig. 53, 
the removal of the blank 
flanges making it easy to 
shift the obstruction. 

To remove the water 
which condenses out of the 
gas (especially in cold 
weather) and settles in the 
lowest portion of the gas 
main, the following simple 
plan devised by the writer 
may be used. The gas pipe 
is allowed a gentle fall until 
it reaches to within about 14 
feet from the point of entry 
into the carbonating tower, 
or first carbonating boiler. 
A flat U-bend is made in the 
pipe, and in the lower end 
of this, about the middle, 
and underneath the pipe, a 
|-inch hole is drilled. Into 
this hole is inserted a cork, 
into which is fitted a piece 
of J-inch bore glass tube, 

Fig. 52.— Diagram illustrating a Type of Purifying bent aS shoWU in Fig. S3- 
Tower without Dust Separator, ,^. j ., rxT_ tt* j 

The depth of the U is made 
SO that it just allows the water in it to resist the pull on the plant 
without being drawn out of the tube. Immediately any water 
collects in the gas pipe, it is automatically removed by the glass 
U-tube without the seal being broken and the admission of air. 
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In the CO2 process, the spent hquor, which is really an 
impure solution of carbonate of soda, is converted into caustic 
soda by causticising with lime. The pieces of plant required 
for carrying out this process are : two or three causticisers, two 
caustic soda tanks, a filter, a pump, and an evaporator. These 
pieces of plant will be described briefly in the order given. 

The causticising tanks are cylindrical and built of wrought- 
iron or mild steel plates. They may be horizontal or vertical : 
the latter is the best type to use. Each tank is fitted with a 
mechanical agitator, an open and closed steam coil, a skimmer 
pipe, a grid or basket made of bar iron, at the top if of the ver- 
tical type, and a. gate or treacle valve having a 6-inch opening on 
the bottom. They should be erected above ground, best on 
rolled steel joists and stanchions, and above the filter. A water 
supply should be arranged for over each causticiser. 

It is advisable to put in two caustic soda tanks, one for strong 
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Lm-IRCH cuss TORE 
Fig. 53. — U-boid to separate Water from Gas. 

caustic soda from the causticisers and the other for weak caustic 
soda or ** weaks '' — ^the washings of the hme mud from the 
causticisers and the filter. These tanks may be square or rect- 
angular in shape, according to circumstances, and constructed 
of mild steel plates, the seams being thoroughly caulked. A 
suction pipe which can be raised and lowered should be fitted to 
each tank. They should be erected on the floor level, as close 
to the causticisers as possible. 

The filter is situated immediately under the causticisers, 
and should be of such a size that it will hold the lime mud from 
all the causticisers at the same time. It is constructed of mild 
steel plates, f inch to ^ inch in thickness, and it is best built 
rectangular in plan. The seams should be double riveted and 
thoroughly well caulked, and on one side as near the bottom 
as possible a 2-inch suction pipe should be fitted. Two sets of 
perforated plates are required : one to form the base of the filter 
bed and the other to cover the top. These plates are of mild 
steel, J inch thick, and drilled with J-inch holes at a pitch of 
2 inches. The bottom set of plates are laid on Staffordshire 
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blue bricks at a height of 6 inches, arranged in rows i8 inches 
apart, on the bottom of the filter. An excellent filter bed is 
made by using graded granite chips and a top layer of coke 
breeze, upon which the other set of perforated plates are placed. 
The thickness of each layer of granite chips and the approximate 
sizes are as follows : On the bed plates a layer of ij-inch to 
2-inch chips 4 inches deep is placed ; then a 3-inch layer of 
ij-inch to i-inch chips ; then a 3-inch layer of J-inch to f-inch 
and then a 3-inch layer of J-inch and J-inch chips, above which 
a 2-inch layer of coke breeze is placed. To dry the lime mud 
further than is possible with a filter, and to recover the maximum 
amount of caustic soda in the form of " weaks," the employ- 
ment of a centrifugal machine is necessary. 

Any good pump of the ram type may be connected up to the 
outlet at the bottom of the filter. The pump should have a 
2-inch suction, and the glands on the water end should be 
packed carefully with '* ammonia '* packing. This packing 
is the least attacked by the weak caustic liquor. The pump 
not only assists in the filtering operation, but pumps the weak 
caustic liquors, washings, and filtrate, into the evaporator. A 
connection with the " weaks " tank to the pump suction is made 
by a by-pass. 

If considerable quantities of weak caustic liquor have to be 
concentrated, then it would be advisable to put in a vacuum 
evaporator and its appurtenances, using exhaust steam as the 
heating medium. However, this is seldom necessary in a tar 
distillery. The usual method is to cover the bottom of a tank 
of suitable size with a series of coils of 2-inch or 3-inch steam- 
pipe. A reliable type of steam trap should be fitted on the 
exhaust end of the coils. To get the best results, the '* weaks *' 
should be allowed to stand as long as possible, in order to deposit 
any lime mud suspended in it. This mud will, if it gets into 
the evaporator, coat the coils and thus hinder the rate of 
evaporation. In any case it is as well to clean occasionally the 
steam coils by scraping them, and then washing down. The 
evaporator should be erected on rolled steel joists and stanchions 
for preference, and at a height above the ground level which 
will permit of the concentrated caustic liquor running into the 
storage tank by force of gravity. Fig. 54 illustrates diagram- 
matically one method of arranging a causticising plant. 

If it is desired to manufacture 95-97 per cent, cresylic acid, 
then it is necessary to submit the crude, as it comes from the 
carbonating tower, to a process of distillation and air blowing. 
The pieces of plant required to carry out the manufacture of this 
kind of cresylic acid are as follows : A still charging tank, a 
mild steel still with a fractionating column, a condenser coil 
and tank, collecting box, water separator, bottoms receiver, 
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pitch bay, cresylic and carbolic receivers, acid egg and blowing 
boiler, and foul gas mains. 

It is very convenient to erect the undistilled crude cresylic 
storage tank at a higher level than the still top and in close 
proximity thereto. By doing so the still can be charged by 
force of gravity, and only one passage through the acid egg is 
necessary ; two would be required if the storage tank is placed 
at a low level. The tank may be of any convenient shape, 
constructed of mild steel plate, covered in and provided with 
manhole and lid. An inlet pipe and dipping hole are put into 
the top, and the outlet pipe for charging the still is placed on 
the side, its centre line being 4 inches from the bottom. A very 
convenient diameter for the charge and inlet pipe is 2 inches. 
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Fio. 54. — Diagram showing One Method of arranging Causticising Plant. 
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It is advisable to put a i-inch drain cock in the bottom of the 
tank, through which any sodium sulphate liquor which separates 
may be drained away. The separation of the liquor may be 
expedited by keeping the acid at a temperature of about 70° 
Fahr. by means of a small steam coil. Every endeavour should 
be made to keep this liquor out of the still. 

A cresylic still is constructed of mild steel plates throughout, 
and of a similar shape to a tar still. The fittings, such as man- 
hole and lid, charge inlet, swan neck, safety-valve, tail pipe, 
etc., are also similar to tar still fittings, and the same may be 
said of the settings, fireplace, flues, etc. The reader is there- 
fore referred to the details given under tar stills in chapters iii 
and iv. 

As a certain amount of carbolic acid is present in the crude 
cresylic and the value of the former is generally greater than 
that of the latter, it is advisable to separate these by means of a 
fractionating column. This piece of apparatus is made of cast- 
iron and built up of sections of approximately 2 feet in diameter 
and 9 inches in depth. The size varies somewhat according to 
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the type of column, and the height of it, to a large extent, ac- 
cording to the degree of perfection to which it is desired to conduct 
the fractionations. A good average number of sections used in 
a column is fifteen ; this includes the top and bottom sections. 
One of the best types of fractionating column is described and 
illustrated on pages 134 and 135. The tower is supported on steel 
stanchions and joists on a convenient portion of the brickwork 
at the still top. A return pipe is fitted into the underneath 
portion of the bottom section of the tower and inserted into the 
still top, a U-bend being made in the pipe to act as a seal. The 
bottom section is also connected to the swan neck of the still, 
and an arrangement is made for by-passing the tower, so that 
during the water and cresyhc stages the vapours can be con- 
ducted direct to the condensing worm. These various details are 
illustrated diagrammatically in Fig. 55. It is a good plan to 
arrange that all the sections can be drained after each operation. 

The condenser coil and tank are similar to those used with 
tar stills (see page 51) and so is the collecting box (see page 51). 
For the separation of the water and tar acids as they run into 
the collecting box, this piece of apparatus is connected to a 
separator of the same kind as that described on page 53, but it 
is arranged for the water to be removed from the top of the 
separator and the tar acids from the bottom. 

After a certain portion of the contents of the still have been 
worked off, the residue is allowed to cool a little and then run into 
a tank, known as a ''bottoms" receiver, to be worked up with 
the '* bottoms " from other operations when a sufficient quantity 
has accumulated. A horizontal boiler tank makes an excellent 
receiver. It is set below the still run off or tail pipe, and is con- 
nected up to the same. Connection is also made with a pump, or 
it is arranged that the receiver can be tightly closed and then 
emptied by air pressure. In this case it is connected to an air 
compressor, and an outlet tube is fitted so that it reaches to 
within about 2 inches from the bottom. As the '* bottoms " 
become viscous, it is advisable to put in a closed steam coil of 
one lap, built of i-inch wrought-iron pipe, in order to warm 
them up prior to charging them into the still. The receiver 
should have a manhole and Ud of the usual size. 

The " bottoms '' are finally worked to pitch, and the pitch is 
either run off and mixed with a big batch of pitch from the tar 
stills, or else run into a special bay. If a special bay is desired, 
it is constructed in a similar manner to the large bays described 
on page 60, but is of course much smaller. A 4-inch pipe is 
connected to the tail pipe of the still for running off the pitch, 
and by means of a reducing T-piece, and the necessary cocks, 
the *' bottoms *' pipe, which is 2 inches in diameter, is connected 
to the pitch pipe. 
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Receivers for the cresylic and carbolic acid may be con- 
structed of mild steel, and square, rectangular, or cylindrical in 
shape. If cylindrical, they may be horizontal or vertical, and 
it is a good plan to arrange so that the contents can be trans- 
ferred by air pressure to storage or mixing tanks, in the case 
of carbolic, and to an air blowing boiler for purification in the 
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Fig. 55. — Diagram lUustrating a Method of attaching Fractionating Column to a Cresj'lic Still 

and arranging a By-pass. 

case of cresylic. Square or rectangular tanks are not suitable, 
if it is desired to remove their contents by air pressure, and so 
will have to be connected up to a pump or egg. 

Cresylic acid from the still generally contains sulphuretted 
hydrogen and other sulphur compounds in sufficient quantity to 
render it foul in smell. It is necessary to sweeten the acid before 
despatching to customers, and this process is carried out in a 
large cylindrical boiler tank, placed in a horizontal position. 
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Along the bottom of this tank is fitted a perforated coil of i-inch 
wrought-iron tubing, through which air is passed during the 
operation. The top of the tank is connected to a 2-inch foul 
gas main, which, in its turn, is connected with a purifier or a 
seal pot and ejector. In the latter case the gas is burned 
underneath the steam boilers, and the ejector may. be employed 
to draw air through the cresylic acid in the tank by leaving an 
open end on the upright length of the coil, just a little above the 
point at which it enters the boiler. The foul gas may of course 
be drawn through the purifier by an ejector and the same method 
of air-blowing the cresylic employed. If an ejector is not used, 
it is necessary to connect the perforated air coil to an air com- 
pressor. It is as well to provide this tank with a manhole and 
lid of the usual dimensions. An inlet pipe is also required, and 
so is an outlet pipe, with cast-iron cock, through which barrels 
are filled. A by-pass should be connected to the outlet, so that 
when it is desired to load the acid into a railway tank wagon, 
it can be run into an egg, and then filled into the wagon by 
means of air pressure. A suitable kind of egg has already been 
described on page 96. 

In connection with the recovery of tar acids, the Hird con- 
tinuous tar acid extraction plant, and also Peppers' patent 
extractor, which is manufactured by W. C. Holmes & Co., Ltd., 
are worthy of notice. 

The Hird plant is illustrated diagrammatically in Fig. 56, 
and the method of working is as follows : The apparatus is 
so arranged that the correct quantity of caustic soda lye for 
the removal of the tar acids from a given quantity of oil is auto- 
matically apportioned. In the event of the flow of oil to be 
washed var5dng during its passage through the plant, then the 
quantity of caustic soda lye is automatically adjusted to meet 
that variation. On reference to Fig. 56 it will be noticed that 
on the top of the plant are two tanks, one containing caustic 
soda at a fixed level and the other unwashed oil, which is supplied 
from the usual oil-storage tank. 

In the event of the flow of unwashed oil var5dng, the level 
in the tank will rise or fall. This rise or fall is communicated to 
an equilibrium lever by means of a float which depresses or 
raises a cast-iron slot-dipping pipe into the caustic soda lye ; 
with more or less flow the dipping slot would be lower or higher 
and would consequently allow a larger or smaller quantity of 
lye to flow into the downtake tube. 

The oil and caustic soda lye mix together in the manner 
shown in the figure and then flow downwards into an upward 
flow mixing tube. At the bottom of this tube is a perforated 
steam-pipe which is connected to a steam inlet pipe. Upon 
this pipe is fitted an aspirator, which, during the passage of the 
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steam, draws air from the atmosphere. This, along with the 
steam, brings about a thorough mixing of the caustic soda lye 
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Fio. 56.— Diagram of Hird's Patent Continuous Phenol Extraction Plants 

and unwashed oil in the tube. The mixture then overflows 
at the top of the tube, and continues a downward course to a 
circular baffle as shown in the figure. By this time the whole 
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of the tar acids have been extracted from the oil, and as the 
mixture leaves the baffle the washed oil rises to the upper portion 
of the tank and the carbolate sinks to the bottom. 

The washed oil leaves by a pipe fitted at the top of the tank 
and the carbolate by a pipe the outlet of which is near the bottom 
of the tank, and which rises vertically outside to the same 
height as the washed oil outlet. The depth of the carbolate 
in the tank is automatically controlled by means of the auto- 
matic feed, and it is possible to vary this so that, if necessary, 
the carbolate can be raised or lowered in the main tank. 

Peppers' patent extractor is illustrated in Fig. 57. For the 
satisfactory manipulation of this plant two tanks are required 
to hold caustic soda lye of different strengths and one tank to 
hold unwashed oil. There are two mixing chambers and 
separation tanks, one for the extraction of crude carboUc and 
the other for crude cresyHc. Before the extraction process is 
commenced the oil and caustic soda lye are heated to a suitable 
temperature, approximately 80° Fahr., by means of a dry steam 
coil in the bottom of each tank. The strength of the caustic 
soda lyes will depend upon whether the tar acids are to be re- 
covered by the COg process or by the sulphuric acid method. 
In the case of the former they may be approximately 1.115 
specific gravity for carbolic and 1.125 for cresylic, and of the 
latter 1.125 for carbolic and 1.225 for cresyhc. 

Unwashed oil from the storage tank and caustic soda lye 
of the determined strength for the extraction of crude carbolic 
acid are run into the conical shaped device at the mouth of the 
mixing chamber A, which, as will be seen on inspecting the 
diagram. Fig. 57, is fitted with a series of sectional plates. The 
flow of oil and lye is controlled by the cocks B and C. 

On leaving the conical mouthpiece the two liquids enter into 
section i, which consists of a plate with slotted holes at the side, 
and they splash on this plate and run through the slots into 
section 2, which consists of a plate with a centrally fixed hole 
to lead the oil and soda into section 3, which is similar to 
section i. This process of agitation continues until the mix- 
ture of oil and soda has passed through the whole six sections. 
On leaving the mixing chamber A the two hquids enter the 
small tank D, in which separation takes place. 

The separated carbolate passes through a small space at 
the bottom of the curtain plate E, and then through the cock 
F, on its way to the carbolate stock tank, to await further 
treatment. 

The partly washed oil flows through the regulating cock G, 
and is led into the second mixing chamber H, along with 
caustic soda lye from the storage tank containing that of the 
correct strength for the recovery of crude cresylic acid. 
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The second mixing chamber is of slightly different con- 
struction to the first, but is practically on the same principle. 
It consists of a conical-shaped mouth, like the one in the first 
chamber, and flat plates with centrally fixed holes to which 
are fitted small neck pipes on the bottom sides, also three 
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Fig. 57. — Peppers' Patent Continuous Extractor for the Recovery of Carbolic and Cresylic Acids. 



shallow dished pans with slotted openings round the edge. 
These dished pans are placed between the plates. 

The liquids on entering section i pass through the central 
hole into the dished pan beneath it, flowing through the opening 
at the edge on to section 2, where they splash together and run 
through the central hole into the dished pan, as in section i. 
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This goes on through all the sections. On leaving the last 
section the mixture enters the tank J, which is similar in con- 
struction to tank D on the crude carbohc portion of the plant. 
The separation of the oil and cresylate takes place in this tank, 
the oil flowing through the regulation cock K, and the 
cresylate under the curtain plate and through the cock L, 
into their respective storage tanks. 



CHAPTER VIII 

THE RECOVERY OF CARBOLIC AND CRESYLIC ACIDS 

Crude carbolic and cresylic acids — chemical and physical properties of 
phenol and the cresols — causticising soda ash and " spent nquor " — 
washing oils for tar acids — interchange process — ^particulars relative 
to washing oils for crude carbolic and cresylic acids — works costs — 
recovery of tar acids from phenolate — ^sulphuric acid process — COo 
process — distillation of " sprung *' cresylic acid — air-blowing distilled 
cresylic acid. 

Crude carbolic and cresylic acids are a source of considerable 
income to the tar distiller, and in all well regulated works every 
care is exercised to recover the maximum amount of each from 
the tar distillates in which they exist. These two articles con- 
sist of mixtures of phenols, chiefly of the monohydric series, of 
which phenol, carbolic acid or hydroxybenzene (CgHg.OH) is 
the first. The next in the series are the three isomeric cresols 
or hydrox5d:oluenes (CgH4CH3.0H). 

Phenol occurs in the form of colourless dehquescent prisms 
which melt at a temperature of 42.5° C, and turn pink on ex- 
posure to Hght. It boils at 183° C, and can be distilled in a current 
of steam. At 0° C. phenol possesses a specific gravity of 1.084, 
at 18° C, 1.065, and at 33° C, 1.0597. In ether, alcohol, 
carbon disulphide, benzene, carbon tetrachloride, tetrachlor- 
ethane, glacial acetic acid and glycerine, phenol is soluble 
in all proportions. It is also soluble in the fixed and volatile 
oils. A mixture of half camphor and half phenol crystals 
liquefies on standing, with a fall in temperature. On account 
of the high molecular depression of phenol and the small mole- 
cular weight of water a small percentage of the latter (about 8) 
renders phenol liquid at ordinary temperatures. It is only 
sparingly soluble in water, i part dissolving in 15 parts of water 
at 16° C. Aqueous and alcoholic solutions of phenol giye a 
violet colouration with ferric chloride. Phenol is used largely 
in the manufacture of saHcylic acid, salol, picric acid, phenacetin, 
and many other important substances. 

The three isomeric cresols, ortho, meta, and para, occur 
in commercial cresol or cresylic acid, the proportion of each 
varying in different samples. Schulze gives the following aver- 
age figures : M. cresol, 40 per cent. ; O. cresol, 35 per cent.; 
H ^ ^^ 
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and P. cresol, 25 per cent. In water the three cresols are only 
slightly soluble. At 15° C. 100 parts of water dissolves 2.5 
parts of the ortho, 0.53 parts of the meta, and 1.8 parts of the 
para. Alcohol and ether dissolve the three isomers with ease. 



TABLE XVI 



M. Pt. (cor- 
rected) 

B. Pt. (cor- 
rected) 

Sp.gr. 



O. [i : 2] Cresol. 

30° c. 

190.8° c. 
1.0053 at 65° C. 



M. [1:3] Cresol. 



3°-4° C. 
202.8° 
1.0498 at 0° C. 



p. [i : 4] Cresol. 



36° c. 

201.8° C. 
0.9962 at 66° C. 



Owing to the presence of the CgHg radicle in phenol the OH 
group (hydroxyl) possesses weak acid properties (its basic 
character being somewhat modified). This is shown in its 
behaviour with caustic alkalies, with which it reacts to form 
phenolates. One of these which is of importance to the tar 
distiller is known as sodium phenate, and it is formed by acting 
upon phenol with caustic soda. It is represented by the 
formula CgHg.ONa, and the reaction is indicated by the follow- 
ing equation : — 

CgHg.OH + NaOH = CeH^.ONa + HgO. 

The hydroxyl (OH) group in the cresols is also weakly 
acidic in property, but not so strong as in the case of phenol. 
This is probably due to the modif5dng influence of the CHg 
group in the CgH4.CH3 radicle. By acting upon the cresols 
with caustic soda, cresylates are formed having the formula 
CgH4CH3.0Na. If a mixture of phenol and cresols is treated 
with insufficient caustic soda to combine with the whole, then 
a preference is shown for the phenol owing to its stronger acidic 
property. This fact is used in practice in the recovery of 
carboUc acid from oils which contain both phenol and cresols. 
Sodium phenolate and the sodium cresylates are stable in 
aqueous solution, but are readily decomposed by solutions of 
mineral acids, hydrochloric acid gas, sulphur dioxide, and carbon 
dioxide. 

In the process of recovering tar acids from the distillates 
which contain them, a solution of caustic soda is used, the 
strength of which varies somewhat according to the kind of 
acid to be extracted or the process employed. The caustic 
soda is sometimes made at the tar works and concentrated by 
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evaporation, and in those works employing the COg process, 
the manufacture of caustic soda (causticising of the spent 
liquors) is an everyday occurrence. On this account a de- 
scription of the process of causticising soda ash and spent liquors 
will be given, before dealing with the recovery processes. 

The best quality of soda ash (sodium carbonate) to use is 
that known as 58 per cent, alkali. This contains on an average 
98.75 per cent, of actual sodium carbonate (NagCOg). In the 
process of converting this material into caustic soda (technically, 
causticising) quicklime of a high grade is employed ; the best 
Ume for the purpose is white Buxton lime. Theoretically the 
reaction which takes place is shown by the following equation : — 

NagCOg + Ca(0H)2 = 2NaOH + CaCOg 
106 74(56CaO) 80 100 

In practice it is necessary to use between 10 and 15 per cent, 
of Ume above the theoretical quantity, as the reaction is a 
reversible one, and, to obtain the best results, the soda-ash solu- 
tion must be as dilute as possible. Using an ash solution of 
20-22° Tw. (i.io-i.ii sp. gr.), the amount of sodium carbonate 
causticised will be between 95 and 97 per cent. Some prefer 
to add slaked Hme to the ash solution, but in the writer's 
opinion it is far better to employ quickUme and make use of 
the heat generated during its hydration to assist in the causti- 
cising of the sodium carbonate. 

The process is carried out as follows : Water is run into the 
causticiser until it reaches within a few inches of the bottom of 
the lime grid. Open steam is turned on as soon as the coil is 
well covered, and steam is allowed to pass during the remainder 
of the time of charging, and until the water practically reaches 
its boiling-point. The desired amount of soda ash is added to 
the water, commencing as soon as signs of ebullition appear, 
care being taken not to add more ash than is necessary to give 
a specific gravity of i.ii (22° Tw.) at 60° Fahr. It is an easy 
matter to calculate this amount for any size of causticiser, 
once and for all, from the figures obtained by carrying out a 
small experiment in the chemical laboratory. The ash solution 
should cover the bottom bars of the grid about one inch, and 
while at a temperature of about 198° Fahr. the lumps of caustic 
lime should be thrown into the grid, a few shovelfuls at a time, 
until the calculated quantity has been added. Let each lot 
of Ume ** break down '' and wash out of the grid before adding 
a further quantity. Keep the agitator running slowly all the 
time. For a causticiser containing about 1200 gallons the 
operation should take about 15 to 20 minutes. As soon as all 
the Ume is in, shut off the open steam, put on the closed steam, 
and increase the speed of the mechanical agitator a Uttle. 
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After about ij hours it is as well to remove a sample and test 
it to see how the causticisation is progressing. It generally 
takes about i J to 2 hours after the lime is all in to complete the 
operation. This time may be shortened a little if a large excess 
of Ume is used, for instance no lbs. of lime to every 100 lbs. of 
soda ash used*. 

When the causticisation is complete, the contents of the 
causticisers are allowed to remain at rest for about 3 hours, 
and then the clear caustic soda removed by a skimmer pipe to 
the storage tank ; as much as possible of the caustic soda solution 
should be run off. To the mud is now added some cold water, 
the volume depending upon the quantity of mud ; if 10 cwts. 
of soda ash have been causticised, then about 250 gallons of 
water will be sufficient. Open steam is turned on and the 
agitator started, and both the passage of steam and the agita- 
tion are continued until the contents of the tank begin to boil. 
One hour is allowed for settUng, and then the clear liquor is 
run direct to the evaporator, any milky liquor being passed 
through the filter first. A further 250 gallons of cold water 
are added to the mud, and well mixed in by mechanical agitation 
only, after which about one hour is allowed for settUng, the 
clear liquor is skimmed off for evaporation, and the soft mud 
then run on to the filter. The liquid which filters through is 
evaporated down, and then added to the strong caustic soda 
with the other concentrated washings. By t&s method of 
washing it is possible to reduce the content of actual caustic soda 
(NaOH) to 0.5 per cent. If it is desired to dry the mud further, 
it may be transferred from the filter to a special centrifugal 
machine. 

Before causticising the " spent liquor,'* which is separated 
from the tar acids at the divider tanks, it is necessary to bring 
it up to a standard strength by adding soda ash. The quantity 
of ash it is necessary to add is found by submitting a sample of 
the spent liquor to analysis. A good standard to work to is 
10 grams of ash per 100 c.c.'s. The amount of ash required to 
bring the ** spent liquor " up to strength being added, caustici- 
sation and the washing of the lime mud are carried out in a 
similar manner to that just described. With reference to the 
amount of lime to be added, the writer has obtained the best 
results by using 6 to 6i cwts. of best Buxton lime for every 
10 cwts. of actual soda ash in solution in the ** spent liquor." 
It is not possible to gauge the strength of the *' spent liquor '* 
by means of a hydrometer, as it contains impurities which 
affect the specific gravity. Caustic soda for washing out 
cresylic acid is often made a little stronger, and this necessitates 
reinforcing the causticised ** spent liquor *' by the addition of 
some strong caustic soda solution, or by evaporation, this 
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latter operation naturally raising the content of caustic soda by 
reducing the quantity of water. Unfortunately, evaporation 
increases the percentage of impurities, and if this gets large 
the reaction between the tar acids contained in an oil and the 
caustic soda in the liquor is somewhat retarded. 

Crude carbolic and cresylic acids are extracted from crude 
naphtha, light oil, carbolic oil, or light creosote. The methods 
of dealing with these distillates before extracting the tar adds 
vary more or less in different works. Sometimes the oils are 
submitted to distillation first, separating into two or three 
fractions ; at other times a portion of the tar acids is washed 
out of the oils, after which they are distilled and the distillates 
washed for tar adds. Circumstances determine which process 
is carried out and also the number of fractions made, and their 
cut points. Whichever process is used the tar adds are washed 
out with caustic soda lye, and recovered by either the CO2 or 
sulphuric add method. 

Before the oils are washed with the caustic soda lye they 
should be allowed to settle in the washer for a short time in 
order to settle out any entangled ammonia water. This 
material will not only dilute the lye, but as it generally contains 
ammonium sulphide a reaction will take place, resulting in the 
formation of sodium sulphide and ammonium hydrate ; the 
former compound is incapable of combining \vith tar adds, and 
thus reduces the active strength of the lye. During the settling 
out process, any oil which separates naphthalene ('* salts 
out ") must be kept warm by means of a closed steam coil, 
and it is also necessary to wash this type of oil at an elevated 
temperature. This temperature must not be too high, and if 
the caustic lye is used hot the same precaution must be taken. 
If the oil or lye is too hot the amount of tar acids extracted is 
not so great as when warm or cold. Also, if the process of 
interchange is being carried out and the carbolate or oil is too 
hot there is a tendency for the carbolate to give up some of its 
tar adds to the oil. A good " average " temperature to use 
when washing is 85° Fahr. It should be borne in mind that the 
caustic soda lye must not be too strong. 

The method of interchange is employed in both the COg and 
sulphuric acid processes. It consists in adding a phenolate 
containing a little carbolic and much cresylic acid, or all cresylic 
add, to an oil rich in carbolic acid, when the carbolic acid in the 
oil displaces the cresylic acid in combination with the soda in 
the phenolate, the cresylic acid going into solution in the oil. 
Interchange takes place. 

If the tar adds are to be recovered by the sulphuric acid 
process, the fresh, or " clean,'* caustic soda lye used for the 
purpose of washing an oil is moderately strong, varying in 
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specific gravity from 1.150 to 1.225 3.t 60° Fahr. The specific 
gravity of *' clean '* lye used in the COg process varies between 
1. 1 10 and 1. 140, but that from *' spent liquor " generally has 
a much higher specific gravity (at times 1.150), due to im- 
purities in solution. Sometimes " clean " lye is used to wash 
a fresh oil, and with reference to the amount of caustic lye re- 
quired, this will vary according to whether it is desired to take 
out the whole of the tar adds or only a portion. By testing 
the oil for its content of tar acids, and using the equation given 
on page 114, or by adding measured volumes of lye to a known 
quantity of oil until no further decrease in bulk takes place, the 
chemist can determine approximately how much lye to use. 

In following through an interchange process, using mode- 
rately strong lye at the finish, it will be assumed that the 
phenolate with which it is desired to wash the fresh oil stands 
at a specific gravity of i.iio and contains 21 per cent, of tar 
acids possessing a crystallising point of 60° Fahr. 

It is not possible to give detailed figures with reference to 
the amount of phenolate to be put on an oil ; this will vary 
according to the quantity of oil it is required to wash and also 
with the kind of oil. The amount must, therefore, be determined 
by experiment in the chemical laboratory. After the oil has 
been washed with the phenolate containing 21 per cent, of tar 
acids, it is allowed to settle for a short time, say about half an 
hour; the phenolate is then run off to a storage tank, tested, 
and retained for further use. The oil is then washed with 
another phenolate containing, say, tar acids of a crystallising 
point of about 58° Fahr. With a good oil the crystallising 
point of the tar acids in this phenolate will be probably raised 
to about 60° Fahr. A further settling of the oil and phenolate 
is allowed to take place and the phenolate removed to a storage 
tank, or if desired into the tank containing the phenolate which 
has in solution the higher crystalhsing acids. The oil may 
now be washed with another phenolate containing tar acids 
possessing a crystallising point of, say, 45° or 50° Fahr. The 
crystallising point of these adds will probably be increased to 
50° or 55° Fahr. A settling is allowed, as already described, 
and the phenolate removed. Sometimes the oil is now washed 
with a strong solution of caustic soda, the spedfic gravity of 
which may be 1.175 at 60° Fahr. The resulting phenolate is, 
as a rule, used on a fresh oil. Should the oil be particularly 
rich in crystalHsable acids, a further wash with phenolate may 
be given before using caustic soda lye ; and in this connection 
it should be urged that tests be made in the chemical laboratory 
throughout the whole operation of washing. 

The following particulars relative to washing oils for crude 
carbolic only or for crude carbolic and crude cresylic will no 
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doubt prove useful to the student. They are taken from actual 
works practice. 

Crude Naphtha. — Washed free of tar acids (total extraction) : 
1000 gallons of oil taken. 

350 to 450 gallons of caustic soda lye at 22° Tw., or 
equivalent in active strength, if for COg recovery process, of at 
30~35° Tw. if for sulphuric add recovery process. Resulting 
phenolate reserved for interchange. 

Light OiL — Washing for carbolic only (a) : 3000 gallons of 
virgin oil taken. 

15/ wash. — 1000 gallons caustic soda lye (7.6 grams NaOH in 
100 C.C.). Resulting phenolate sent direct to COg carbolic 
recovery plant. 
2nd wash. 600 gallons caustic soda lye (7.6 grams NaOH to 
100 c.c). Resulting phenolate sent direct to CO2 recovery 
plant. 
yd wash. 1000 gallons weak phenolate off once distilled light 
oil or off crude naphtha or virgin light oil. 

Test resulting phenolate. If phenols low in crystallising 
point use for interchange on light cresote, if crystallising 
point suitable run phenolate to recovery plant. 
/\th wash. 1000 gallons weak phenolate. 

Resulting phenolate to be used for interchange. 
After the four washes distil the light oil. The distillate, 
known as ** once distilled light oil," is washed with clean caustic 
soda lye until free from tar acids, and the resulting phenolate 
is kept for interchange purposes. 

2000 gallons once distilled light oil for washing. 
1000 to 1500 gallons caustic soda lye added according to the 
amount of tar adds present. 

Note. — If using the sulphuric add recovery process the 
caustic soda lyes are used stronger and correspondingly less in 
volume. 

Light Oil. — Washing for carbolic only {h) : 3000 gallons of 
virgin oil taken. 

is/ wash. 1600 gallons weak phenolate off light oil, crude 
naphtha or once distilled light oil. 

Resulting phenolate reserved for interchange. 
2nd wash. 1600 gallons weak phenolate as used for ist wash. 
Resulting phenolate to be used for interchange, say, on light 
creosote (or carbolic oil). 
Note. — After this wash treat the light oil as in example [a) 
above. 
Light Oil. — Washing for carbolic and cresylic {a) : 3000 
gallons of virgin oil taken. 

1st wash. 1000 gallons of caustic soda lye containing 7.6 grams 
NaOH in 100 c.c. 
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Resulting phenolate sent direct to CO2 carbolic recovery 
plant. 
2nd wash, 600 gallons caustic soda lye (7.6 grams NaOH to 
100 c.c). 

Resulting phenolate sent direct to COg carbolic recovery 
plant. 
yd wash. 1000 gallons moderately weak phenolate from 
interchange carbolate boiler. 

Resulting phenolate if crj^tallising point of tar acids 
suitable sent to carboHc recovery plant, if crystallising point 
still too low use for interchange again. 
^th wash.\ Each of 1000 gallons caustic soda lye at 30° Tw. 
^th wash.] Resulting phenolate sent to cresylic recovery plant 

(COg process). 
Notes. — (a) Some distillers prefer to send the Ught oil to the 
still with about 4 per cent, to 6 per cent, tar acids left in, 
and then wash the once distilled Hght oil as already de- 
scribed, (b) If the sulphuric acid recovery process is 
used the clean caustic soda lye may stand at 35-40° Tw., 
and correspondingly less in volume is required. 
Light Oil. — ^Washing for carboUc and cresyHc (b) : 3000 gallons 
virgin oil taken. 

1st wash. 800 gallons caustic soda lye (7.6 grams NaOH to 
. 100 c.c). 

Resulting phenolate sent to COg recovery plant or to 
interchange phenolate boiler according to crystallising point 
of tar acids. 
2nd wash. 800 gallons caustic soda lye (7.6 grams NaOH to 
100 c.c). 

Resulting phenolate dealt with as that from ist wash. 
yd wash. \ Each 1000 gallons caustic soda lye at 30° Tw. 
4ih wash.) Resulting phenolate sent to cresylic recovery plant 

(CO2 process). 
Note (a). — ^Test oil and if not free of tar acids put on more 

caustic soda lye according to requirements. 
Notes (b) and {c) — See notes {a) and (b) under light oil washing 
for carbolic and cresyUc (b) above. 
Middle Oil. — Washing for carbolic only : 3000 gallons 
oil taken. 

1st wash. 1000 gallons caustic soda lye (7.6 grams NaOH to 
100 c.c). 

Resulting phenolate sent to COg carbolic recovery plant. 
2nd wash. 500 gallons caustic soda lye (7.6 grams NaOH to 
100 c.c). 

Resulting phenolate sent to carbolic recovery plant (COg 

process), or 800 gallons caustic soda lye (strength as above). 

Resulting phenolate reserved for interchange on light oil. 
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Middle Oil, — Washing for carbolic and cresylic acid: 
3000 gallons oil taken. 

1st wash. 1000 gallons caustic soda lye at 7.6 grams NaOH to 
100 c.c. 

Resulting phenolate sent direct to carbolic recovery 
plant. 
2nd wash. 1000 gallons caustic soda lye, strength as in 
1st. wash. 

Resulting phenolate used for interchange on light oil, 
and then sent to carbolic recovery plant (COg process). 
3r^ wash, iioo gallons caustic soda lye at 30° Tw. 

Resulting phenolate sent to cresylic recovery plant, COg 
process. 
^h wash. IIOO gallons caustic soda lye at 30° Tw. 

Resulting phenolate sent to cresylic recovery plant (COg 
process). 
Note [a). — ^Test oil to see if it requires any more caustic soda 

lye. 
Note {h). — If the sulphuric acid recovery process is used, lye 
of 35° Tw. may be used for the carbolic extraction, and 
45° Tw. for the cresylic acid extraction, and a less volume 
will be required in each case. 

With reference to manufacturing costs it is not possible to 
give any but average figures, as the cost of raw materials and 
labour vary from time to time, a.nd in different parts of the 
country. The average cost for labour and chemicals to produce 
I gallon of 60° crude carbolic acid by the COg process is i.62d., 
and if carbolic and cresylic COg recovery plants are worked 
together the average cost for labour and chemicals to produce 
I gallon of 60° carboUc is i.48d., and i gallon of 97-99 per cent, 
cresylic, i.6od. The cost of producing i gallon of tar acids by 
the sulphuric acid recovery process averages out at about 4d., 
this high figure being due to the fact that all the caustic soda, 
is wasted, and a larger volume of B.O.V. is required than in the 
COg process. 

Table XVII gives the results of some works experiments 
on washing oils which may prove useful to students. 

In all the washing processes care must be taken not to agitate 
too vigorously or too long, as there is a possibility, if this is 
done, of forming undesirable emulsions which may take several 
hours to separate. Some of the Ughter tar distillates, such as 
crude naphtha, once run Ught oil, and sometimes even virgin 
light oil are washed entirely free of phenolic bodies, and there 
are cases when even a light creosote is served in the same way. 
At times, however, virgin light oil and light creosote are only 
partially washed for tar acids and then submitted to a distilla- 
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tion. It is sometimes preferred to distil the light oil and Ught 
creosote previously to washing for tar acids. Which of these 
various methods is used will depend entirely upon the circum- 
stances existing in the works. It should be remembered that 
an oil containing a fair amount of naphthalene will deposit that 
substance in the washer very freely after the tar acids have 
been washed out. 

TABLE XVII 



Oil. 



Light oil, 
3000 galls. 



Crude naphtha, 
1000 galls. 

Middle oil, 
3000 galls. 



Re-distilled light 
oil, 1550 galls. 







Carbolic 


T.A. 


Wash. 








Water. 


' Cryst. pt. 


Per Cent. 




Per Cent. 


Fahr. 


27i 


• • 


• • 


• • 


22 


ISt 


14.5 


' 76° 


i8i 


2nd 


12.5 


67° 


15 


3rd 


13.0 


60.5° 


12 


4th 


15.0 


• 47-5° 


9i 


5th 


15.0 


1 32.0° 


6 


• • 


• • 


• • 





ISt 


14 


39-5° 


20 


• 
• • 


• 
• • 


• • 


15 


ISt 


14 


1 64° 


12 


2nd 


13-5 


j 55° 


22 


• • 


• • 


• • 


16 


ISt 


14 
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It appears that tar acids assist in keeping naphthalene in 
solution. It is necessary then, in cases of this description, to 
keep the oils at a temperature above that at which the naph- 
thalene contained therein will cryst alHse out. As the majority 
of tar distillers manufacture crude carboHc and cresylic acids, 
it is necessary to run those phenolates which contain tar acids 
which do not crystallise at, say, about 35° Fahr. into special 
tanks to be worked up for cresyHc acid. Only those phenolates 
which contain crystallisable tar acids are used for the manu- 
facture of crude carbolic. The last wash off the hght oils, and 
generally all the washes but the first off light creosotes, are used 
for the manufacture of cresylic acid. 

The next process is to recover the tar acids from the phenolate, 
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and the method used is the same whether the phenolate con- 
tains crystallisable acids or cresylic acid. 

Deahng with the sulphuric acid "springing" process, which 
generally follows the interchange process just described, the 
phenolate is run into a suitable tank and diluted with water imtil 
its specific gravity reaches 1.08 at 60° Fahr. It is then allowed 
to rest for an hour or two, in order to allow any oil which may 
be held in suspension in the phenolate to rise to the surface. 
This oil is skinmied off, as should it get mixed up with the cry- 
stallisable acids it will reduce the crystallising point, or, on the 
other hand, should the acids be non-crystallisable (cresyUc 
acid), it will probably bring down their value by increasing the 
amount of impurity in the finished product. 

After the oil is skimmed off, sulphuric acid of about 146° 
Tw. (B.O.V.) is added carefully, with thorough stirring. The 
amount of acid necessary to " spring " the tar acids should not 
be exceeded, and can be found by occasionally testing the 
contents of the *' springing " tank with blue litmus paper. 
When the contents are just acid to Utmus, after a thorough 
agitation, they are allowed to rest for from six to eight hours. 
The tar acids are then separated from the sodium sulphate 
liquor underneath by first of all removing the latter through 
a bottom drain cock, care being taken that no tar acid escapes 
during the operation. The sulphate Uquor is run to the sewer. 
When tar acids begin to show, it is as well to allow a further 
settUng of about ten minutes or so, or to run a few gallons 
through a separator. The tar acids may then be conducted to 
a storage tank, and tested for strength, prior to mixing with 
other strengths, or to filling into packages for despatch. 

With reference to the strength of the sulphuric acid used, 
the writer prefers to dilute the B.O.V. to about 110° Tw. and to 
keep the phenolate at a specific gravity of i.io at 60° Fahr. 
If too strong an acid is used to '* spring '* the phenolate, there 
is a risk of the sodium sulphate crystallising out in the *' spring- 
ing " tank during the settling period, and if this takes place, it 
wiU make it very awkward when the time comes to carry out 
the separating operation. Strong acid is also liable to act upon 
the phenols, forming sulphonic acids : these bodies being un- 
desirable in either crude carboUc or cresylic, as they split up 
during the refining operation when the material is distilled. 
The tar acids should be allowed to rest in the storage tanks 
some two or three days, in order to settle out any entangled 
sulphate of soda liquor. This is necessary in the case of both 
carbolic acid and cresylic acid. 

It is desirable to clear the storage tanks occasionally of 
the soda sulphate liquor and sometimes crystals which settle at 
the bottom. Should crystals form, it is as well to steam the 
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tanks out by inserting a temporary i-inch steam main into the 
tank. 

Carbolic acid is sold in various qualities, such as 40's, 45*s, 
50's, 6o's, etc., and it is possible by a process of mixing to build 
up any desired quality, either from the phenolates or the 
'* sprung " carbolic acid. A very simple calculation will give 
the approximate volume required. The mode of calculation 
as used on " sprung '* acid is shown in the following example : 
Suppose in one storage tank there are 200 gallons of 55 *s carboHc 
and in another tank a quantity of 45*s add. It is required to 
convert the 55's into 50*5 carbolic ; then — 

200 X 55 + X4^ = 50 (200 + x) 

^(45-50)= 200(50-55) 
— %5 = —1,000 

X = — ^— — = 200 gallons of 45 's acid are required. 

In the CO2 process the oils are washed with a caustic soda lye 
of a strength sufficient to absorb, in the case of carbolic acid, 
an amount which, when the phenolate is tested, will correspond 
to about 15 per cent, of the phenolate, and in the case of cresyUc 
add about 20 per cent. The caustic soda as obtained from the 
causticisers, if the process is carried out properly (see page 115), 
will be of sufficient strength to yield a phenolate containing 
15 per cent, approximately of tar acids, and, as already men- 
tioned on page 116, if the lye is to be used for the recovery 
of cresylic add, it must be reinforced with a little strong caustic 
soda made with the 77 per cent, solid caustic soda or with 
the electrolytic liquid. The interchange method may be used 
in the COg process of recovery, but a little more care is necessary 
in carrying it out. 

Before washing the oils, it is absolutely essential to aUow 
any ammonia water to settle out. This is necessary, as it not 
only reduces the percenta^ge of active agent (caustic soda) in 
the lye by dilution, but also by combination with the sulphur 
which exists in the ammonia water as ammonium sulphide, 
sodium sulphide being formed. It appears, from the results 
of a number of experiments made by the writer and others, that 
part of this sodium sulphide is converted into sodium sulphate 
during the progress of the phenolate through the plant. 

In the process under consideration, the phenolate, is 
'* sprung,*' or decomposed, by carbon dioxide (CO2), which is 
contained in the gas prepared in one of the furnaces mentioned 
in chapter vii, page 97. The phenolate passes down the 
*' springing '' or reaction tower, over the packing or plates, 
and the gas containing the COg, entering the bottom of the 
tower and travelling in an upward direction, comes into contact 



4 • 



RECOVERY OF CARBOLIC AND CRESYLIC ACIDS 125 

with the finely divided phenolate and decomposes it. No 
phenolate should be passed through the tower weaker than 
15 per cent, of tar acids, and the rate of pumping to the top 
of the tower should be between ij and 2^ gallons per minute. 
This speed will vary according to the type of tower used and 
the richness of the gas passing up that tower. It is advisable 
to use a gas containing not less than 19 per cent, of COg, by 
volume. Cases frequently occur, however, where it is not 
possible to obtain a gas -containing more than 15 to 17 per cent, 
of CO2, and in these cases it is necessary to reduce the speed 
of the pumping to somewhere in the neighbourhood of 
if gallons of phenolate per minute. It is very advisable to 
test the spent liquor as it runs from the separator, to find the 
percentage of tar add it contains. The maximum amount 
allowable for a plant working perfectly is 0.5 per cent., and 
should this amount be exceeded, then it is time to look round 
the plant to see whether the gas is poor in COg^ owing to the 
furnace wanting re-charging, or the charge burmng hollow, or 
due to leaks in the gas main, or whether the speed of the pheno- 
late is above that which it should be. It should be pointed out 
that care must be taken to prevent oil getting into the reaction 
tower with the phenolate, and time should be allowed for this to 
separate in the phenolate boilers. In order to keep the reaction 
tower in good working order, it should be steamed out at in- 
tervals of about eight weeks. 

With reference to the manipulation of the COg furnace, it is 
advisable to charge this piece of apparatus about every four 
hours, or even more frequently with some types of furnace, 
and in all cases to see that hollow places do not occur, and that 
the contents qi the furnace are kept compact. This of course can 
be done by regular inspection, and, if a defect is found, using 
the poker intelligently. The coke should not be too large, 
about a size which will pass through a i^-inch to 2-inch riddle 
or sieve. It must be of the best quality, as free as possible from 
water, sulphur, and clinker. 

The tar acids and spent liquor leave the reaction tower at the 
bottom and are conducted to the two dividers (see chapter vii, 
page 94), and here the tar acid^ are separated from the spent 
liquor, the latter running to storage boilers, and the former to 
settling receivers. The tar adds are allowed to stand in these 
receivers for several hours, to settle out entangled spent liquor, 
and then run into the finishing tank in measured quantities, for 
treatment with a small amount of sulphuric add. It is necessary 
to use this add, owing to the fact that a complete decomposition 
of the phenolate does not take place in the reaction tower. The 
add should be added carefully, with thorough agitation, until 
the mixture changes a blue litmus paper red. In this operation 
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the acid not only decomposes the remaining phenolate, but 
assists in the removal of some of the water. It is advisable to 
use a B.O.V. of about 140° Tw. in this operation. 

After the acid has been added, it is as well to carry out a 
laboratory test for the crystallising point, if crude carbolic is the 
quality under treatment, and in any case for the percentage 
of water. Should the latter be above 15 per cent, it will be 
necessary to add a little more add to the contents of the finish- 
ing tank in order that it may be reduced. When the desired 
result is obtained, the adds are best removed to a storage tank 
by sx'phoning ovex into a blow-boiler and transmitting by com- 
pressed air. 

With reference to the finishing of cresylic add, it is necessary 
to rt^mo\'e as much water as possible before transferring to the 
storage tank or the still charge tank. The reason for this is that 
water is a difficult material to contend with during the process of 
distillation. If care be used, a large quantity of the entangled 
water may be rt^nowMl bv the use of add in the finishing tank. 

After the carbolic acicl has been allowed to remain in the stor- 
age tank for a short time, it is ready for despatch, and is dther 
biUTt^lled direct from the tank or else pumped (or, better still, 
transmitted by a>ni]>ivssod air^ into railway tanks or tank boats. 
Of cmirso it is ncwssary that a careful test be made in the 
chemical Lilx^ratory to determine the cr\^tallising point and 
other cvMistants ot the acid K'loiv it is despatched, and it is also 
ad\n:^iMe to kot^p twx> lanro samples, <;ay of a pint each, in case 
a di>puto arises Wtwxvn the buwr and the seller. The spedfic 
graxity of cnide carlx^lic acid varies between 1.050 and 1.065. 

It is jv^hcy Knore sxihmitting the crt^yHc add to distillation 
to allow a turthor px^rivvi of time for settling, to enable any en- 
taiKlixi acid hquor to settle out, which, "should it get into 
the still, would inniTV it, and .\lso s^x^l the pitch. Further- 
r.iore, the d;>tillt\i cu^yho acid wovJd nvM be improved by the 
s\;'ph:irous aoui sot tnx^ ^hanr**: the d:>i:".ition, Wlien the 
cresyho has si^nled s\::hv^un:^.y K^nir. n is ch.\rced into the still, 
the r.ro h^^htixi, or it iYAxr,:vYr ca< is cr.r.^lovevi. this is turned on 
.u'.vi :A:r.:u\i, The hc,\: r,uy he ir,vn\i>ed r.^T^dly until such 
r.r.:o .^»> The o.^r.-io ot the sr.V. Kxir.s to Cv^t'hot, when it is 

v^*ri....-.\ **.,..* w.*«v* .*.»«.« ,*v ,v, ,» , »v\\, .*, , Dc *^ OTTR eno. xne 
«.«,v v * V*. >...-.». .V «« «..««>« »v v>«vvx«. »\ , V ;>^ ,..,, A V v.. ... V ». ocT lO avxjio. 
.^r.Y r:>k o: Ji KxX^w: . .\ r^,.\:r,;T v^t m ,,: ;>r ,^::jvi acid comes over 
r.:v:, ;;:^vi ::.:> s;':\;r,;:K^ ,;::or u.\\r\^ :hr OvV.iOcrlru: box. in 
Thr ?5i^:x.r,»:or OvVv^r.^^cxi on :\,;C:v :o.^ ^.: :hr oresyhc acid has 
hi^n vV.r::.;.':\ :y\:\;:vo, :ho:v x\-:: ho vo:a h::"jc o:! :::: the first 
r;:r.n.r.C5v 7rj;>^^ t/'s: r.^.v/./^o^ oor.s:>: to ,; l;.rcr f\tt»r.T of pocMT 
o-i:hK\Lr -io:d, h«,: :r. o,;s.^ v.vro ::>o :s:/,, is i^rcx-^ied ^th a 
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good fractionating column, it is possible to obtain a fair per- 
centage of a moderately good carbolic acid. When a fractionat- 
ing column is used, it is essential that no distillate be passed 
into the column until water discontinues. Immediately this 
takes place, then the by-pass is thrown out of gear and the 
vapours conducted into the fractionating column. The point 
at which the distillate is changed over from carbolic acid to 
cresylic add must be determined for each particular batch of 
acid as it undergoes the course of distillation, and the chemist 
should receive samples occasionally. A usual method is to 
catch the carbolic fraction into barrels, and then change over 
to the cresylic receiving tank, cutting out the fractionating 
column at the same time by means of the by-pass. Some 
prefer to work each still charge to pitch, but this is a dangerous 
proceeding as a rule, the risk of burning the plates of the still 
being very great. It is far better to work several charges up 
to a determined point, running off the bottoms each time into 
a bottoms storage tank, and when sufficient has accumulated, 
to make up a stiU charge and submit to a re-distillation. If the 
bottoms are particularly rich in cresylic, it may be necessary 
to run off again into a bottoms tank, and so proceed until they 
become very viscid, when the final distillation is made with the 
object of working to pitch. The method of procedure must be 
determined by the chemist, or manager of the works, for his 
particular quality of cresylic acid. Care must be taken in 
working to pitch that the distillation is not carried too far. 
To over-run the point when pitch is formed will produce either 
pitch coke or an intermediate product which may be termed 
spongy pitch ; the latter material is dangerous, as it is exceed- 
ingly liable to spontaneous combustion immediately the still 
manlid is removed, and it is also difficult to remove from the 
still. Pitch coke on the other hand is not liable to spontaneous 
combustion, but it has to be chipped out of the still, and during 
its formation the plates may become badly burned. Cresylic 
pitch is not of much value alone, and is generally mixed with 
the large quantities of coal tar pitch in the bays. 

A 1500 gallon charge of well settled cresylic acid, if worked 
to bottoms and not pitch, will take about 24 hours to finish. 
The total yield of crude carbolic acid, possessing a crystallising 
point of about 46° Fahr., will approximate 9 per cent., that of 
98 per cent, quality cresylic 60 per cent., water 8 per cent., 
and bottoms 23 per cent. A mixture of bottoms, when dis- 
tilled, will yield approximately 80 per cent, of cresyHc add, 
the balance "being pitch and loss. 

The cresylic add as obtained from the still is not ready for 
sale. Distilled cresylic add contains HgS and other sulphur 
compounds, which give to it a very unpleasant odour, and it is 
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necessary to remove these objectionable compounds before 
placing the acid upon the market. To remove these com- 
pounds the add is air blown in the special tank described 

on page 107. The add is transferred from the receiving tank, 
dther by a pump or compressed air, to the air-blowing tank. 
Air is now passed into the add by means of an air com- 
pressor, or else drawn through the add by a steam ejector. The 
foul air must be dealt with according to the Alkali Act and 
therefore should be " burned " or passed through purifiers, and 
not allowed to escape into the atmosphere. As regards the 
length of time required to free the add from sulphur compounds, 
nothing definite can be said, but as a guide to the learner, an 
average figure of three days may be taken. It is necessary for 
the chemist of the works to rig up a testing apparatus and 
submit samples occasionally to a very simple test, as described 
on page 251. 

Crude cresyUc add is usually sold on the basis of 95 per cent, 
or 97 to 99 per cent, of tar adds, and it is necessary for the 
chemist to test each batch as finished for this content. The 
impurities will, of course, consist chiefly of (a) oil, (b) naph- 
thalene, and (c) water. The specific gravity varies somewhat, 
generally being between 1.042 and I-055. 

With reference to a quality of cresylic acid termed " water 
white," this is not produced in the majority of tar distilleries, 
and will therefore not be dealt with in this book. The same 
remark applies to the manufacture of carbolic add crystals. 




CHAPTER IX 

PLANT FOR THE RECOVERY OF BENZOLS, NAPHTHAS, ETC. 

Washing tanks — " blow-over " stills — " blow-over " still fractionating 
column — ^fractionating still and column — dephlegmator — condensing 
coil and tank — divider box — storage tanks. 

The plant necessary for the production of benzols and naphthas 
is complicated, and the designs used by distillers are numerous. 
It is not possible to describe them all in this book, and 
therefore a general description of suitable plant is given. 

It is necessary before the light oils are worked up into what 
are termed ** once run " products that they should be washed 
free from tar acids and pyridine. Washers for the recovery of tar 
acids are described on pages 88 and io8 and will not need a second 
description here. With reference to the removal of pyridine, 
this is carried out in tanks made entirely of cast-iron, cast-iron 
lined with lead, or wrought-iron ; mild steel is frequently used 
in place of the latter. These tanks must be provided with an 
agitator, and the necessary gearing to manipulate it. The 
agitator may be of the archimedean-screw type or of the paddle 
type, and in the latter case horizontal paddles should be used 
in preference to vertical ones. The writer considers the archi- 
medean-screw type of agitator the best kind to employ. 
A vertical washing tank must be covered in at the top, and 
should be made with a cone or dish-shaped bottom. An outlet 
for t-unning off the pyridine acid and acid-tar should be placed 
at the apex of the cone, or the lowest portion of the dish bottom, 
and connected up to lead piping, which, in its turn, is connected 
to an acid-resisting metal valve (regulus metal). The position 
of the washer may be such that it is not necessary to use lead 
piping at all, but simply to connect the valve direct to the 
bottom. Paddle agitators of the horizontal type have the shaft 
running through stuffing boxes, and care must be taken that 
these are of a good make, otherwise there will be considerable 
trouble in connection with leaking. 

Wood is the best material to use to cover in the top of a 
vertical washer, but cast-iron, wrought-iron, and mild steel are 
sometimes employed. Let in through the cover of the washer 
is a charge pipe, an acid supply pipe, a water-pipe, and also an 
inspection hole with a wooden cover. With reference to the 
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water-pipe, the writer prefers to water-wash the contents 
through the inspection hole, using a piece of flexible hose. By. 
this means the sides of the washing tank can be washed down 
with water before any agitation is carried out. The advantage 
of this will be discussed in the next chapter. A few inches above 
the bottom of the washer, an outlet pipe is attached, through 
which the washed oils are passed into storage tanks or to the 
stills. 

Some tar distillers prefer horizontal washers, but in the 
writer's opinion these are not nearly so satisfactory as the t5^e 
just described. It is not so easy to run ojEf the acid tar and 
pyridine acid from a horizontal washer, or to wash the sides down 
thoroughly. Furthermore the draining of the pyridine acid and 
acid tar cannot be carried out so completely. It is absolutely es- 
sential to erect the washing tanks in an elevated position, and the 
best results are obtained if the height is such that the washed oils 
can be run by force of gravity into the storage tanks or stiU. 

There are many works in which one washer is used for both 
the acid and the soda washes. This is not advisable, as there is 
a great risk of spoiling the oil during the soda wash. It is far 
better to erect two washers of the same size and constructed on 
the same plan, and use one for the acid and first water-washes, 
and the other for the soda and final water-washes. The acid 
tar is run to waste, and the pyridine acid into a receiving tank, 
which is also often used as a storage tank. As the acid tar is 
often almost solid, it is best to let it run into open ended 
tubs or other suitable receptacles for treatment before disposal. 
When a lot of pyridine acid has to be dealt with and it is desired 
to work it up for pyridine, it is advisable to put in storage tanks 
— ^lead-lined wooden tanks are most suitable. Fuller details of 
these tanks will be given in the chapter dealing with the plant 
for the working up of pyridine acid for pyridine. 

Broadly, there are two kinds of stiU used in the process of 
recovering benzols and naphthas from tar oils. These are 
known in tarworks' terminology as *' blow-over *' stills and 
rectifying stills. The former type may be subdivided into fire- 
heated and steam-heated. In the case of light oil, and often 
with crude naphtha, the '' blow-over '' still is fire-heated, and 
in many cases it is not provided with a fractionating column, 
although it is a decided advantage to fit such a piece of appar- 
atus to the still. Another type of *' blow-over *' still is steam- 
heated, and in most cases this kind is used immediately before 
working the oils through a rectifying still. Steam-heated 
" blow-over *' stills and rectifying stills are always provided 
with fractionating columns. 

Fire-heated '* blow-over " stills are built similar in shape to 
a tar still and are constructed of J-inch mild steel plates. The 
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bottom is built concave, with a rise of approximately 2 feet 
6 inches from the horizontal. To the bottom is riveted a 
channel plate, and this channel plate is also riveted to the shell 
of the still. It is advantageous to construct the bottom of the 
still of sketch plates or segments, and connect these to a circular 
crown plate on top. The dome of the still is built with a rise, 
the height of which will vary according to whether the dome is 
to carry the fractionating column or the fractionating column is 
to be supported upon joists. In the former case a rise of about 
3 feet is necessary for a 9-foot diameter stiU, but in the latter a 
rise of about 12 inches for the same diameter is all that is 
requisite. The still should be provided with a tail pipe and 
run-off tap, a safety-valve, a trial or overflow tap, and an inlet 
stool, to which is connected the charge pipe. A manhole and 
lid must also be provided. If the fractionating column is not 
supported on the dome of the still, it is necessary to provide a 
cast-iron swan neck and connections, in order to conduct the 
vapours from the still to the fractionating column. 

With reference to the fractionating column, this may be con- 
structed either of cast-iron in the form of segments, or of mild 
steel, and is cylindrical in shape. Its diameter will vary a httle, 
but average diameters may be taken as 2 feet 6 inches and 3 feet. 
In the case of cast-iron columns, each segment will have a per- 
forated plate fitted into it, or cast on it and then drilled. Mild 
steel columns are fitted with a series of brackets from top to 
bottom, on which are supported the perforated plates (see 
Fig- 5S). These plates should be roughly about 9 inches apart, 
and are perforated with J-inch holes at a pitch of i inch. There 
is also one hole having a diamteer of 4 inches cut in each plate. 
The plates are J-inch thick, and in the case of a mild steel column, 
its thickness may be |-inch. If the still is exposed to the 
weather, a mild steel column is the best to use, as it is less 
hable to crack owing to atmospheric conditions, such as rain 
faUing on the column during the time that it is working. Better 
results are obtained if the column is surrounded by a draught 
screen, built, say, of corrugated iron sheet ; in fact this method 
should always be adopted in cases in which the still is erected 
in the open. At the top of the column a cast-iron vapour out- 
let is fitted, and this is connected in turn to the vapour pipe. 

With reference to the setting of this type of still, the method 
given under the setting of tar stills on pages 36-44 will give the 
most suitable results. 

Steam-heated blow-over stiUs (Fig. 58) are constructed of 
mild steel plate of a thickness varying between |-inch and 
i-inch ; sometimes |-inch plates are used for the shell and 
|-inch for the ends in the case of horizontal stills. The best 
types of steam-heated blow-over stills are of the horizontal 
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pattern. With reference to the size of this t3^e of still this will 
vary considerably according to the amount of naphtha that is 
to be dealt with, but a good average is 9 feet in length and 7 feet 
6 inches in diameter. The still is fitted with a casting, to which 
the run-off pipe is connected ; also an inlet pipe stool ; a i-inch 
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Fig. 58. — Diagram illustrating a Type of Steam-heated Blow-over Still with Fractionating Column. 

to ij-inch open steam-pipe inlet, to which is connected a per- 
forated steam-pipe ; steam chests ; a series of i^-inch to 
2-inch wrought-iron tubes for closed steam — these tubes 
being covered at each end by the steam chest covers ; a man- 
hole of the usual size, provided with a draw-up manlid ; a 
safety-valve ; and also a gauge of the glass tube or else of the 
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refraction type, in order to indicate the level of the liquid in the 
still. Sometimes this kind of still supports the fractionating 
column ; in this case a vapour dome, fitted with a baffle, is 
usually placed near the fractionating column and connected 
to it by a piece of cast-iron pipe. Fig. 58 illustrates one way 
of doing this. The fractionating column should be light and 
preferably made of wrought-iron or mild steel of about | inch 
thick ; in fact the same type of fractionating column as that 
already described for fire-heated blow-over stills may be used. 
The number of plates contained within the fractionating 
column may be betweea 16 and 20. 

If it is desired to do away with the vapour dome and baffle, 
a swan neck made of cast-iron may be used in its stead to carry 
the vapours into the fractionating column (see Fig. 59). The 
bottom of the column is connected to a wrought-iron return 
pipe of 2 inches in diameter, bent in the form of a U-seal, or, 
if straight, extending almost to the bottom of the still. If a 
cast-iron column is used, it is advisable to support it on 
stanchions and joists, but it may be connected either with a 
swan neck or vapour dome and baffle to the still, as desired. 
It is necessary to support this t5^e of still on cradles. These 
may be of cast-iron or built of brick or concrete ; the writer 
prefers cast-iron, as in his experience these have given the most 
satisfactory results. 

Fractionating stills are generally of the horizontal t3^e, con- 
structed of |-inch to i-inch mild steel plates, and provided 
with fittings of a similar kind to those described for steam- 
heated blow-over stills. (See Fig. 59.) 

With reference to the fractionating column, there are a 
nmnber of types, and it is not possible to describe every 
one of them in this book. If it is desired to produce ordinary 
naphthas and benzols, a fractionating column containing about 
20 plates, and ha\dng the last 6 segments water-cooled, will 
prove quite suitable, but, on the other hand, if it is required to 
produce benzol, toluol, and xylol, 95 per cent, distilling over 
within between J° and 1°, it is necessary to connect the frac- 
tionating column with a piece of apparatus known as a de- 
phlegmator. This apparatus, together with condensers, is 
described later. 

A great deal more care must be taken in choosing a fraction- 
ating column for a rectifying still. The ordinary perforated 
plate is not likely to give such good results as those plates which 
are fitted with special dispersing arrangements. What is de- 
sired in a fractionating column is to bring the hot vapours, 
which consist of a mixture of light and heavy compounds, in 
contact with liquid material, in order to remove from the vapours 
by a kind of washing the heavier substances from the lighter. 
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This can only be secured if each plate is arranged to carry a 
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Fig. 59. — Fractionating Still and Qjlumn. 



certain depth of liquid during the process of fractionation. 
With the ordinary perforated plate it is more difficult to secure 
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this state of affairs than it is with plates provided with an 
arrangement which will keep a constant level of Uqnid, and 
allow the vapours, as they rise, to pass in a finely divided state 
through that Hquid. 

One of the best tvpes of fractionating column which the 
writer knows of is showq diagrammatically in i^ig. 59! This 
coluiufi, like, laubt Ot the commns used for iraciionatmg stills, 
is built up of cast-iron segments. The number of these seg- 
ments will vary, of course, according to the degree of fractiona- 
tion desired. If a dephlegmator is used, a column constructed 
of between 16 and 20 segments will prove quite suitable, but if 
it is desired to do without a dephlegmator, it is advisable to 
build the column of between 25 and 30 segments. The diameter 
of each segment may vary between 2 feet and 2 feet 6 inches, 
and the over-all depth between 8J and 12 inches. The plate 
is cast on to the body of the segment, and the top of the 
plate is about 3 inches below the top of the segment. Each 
plate is provided with eight or more inlets, which conduct the 
vapours from the lower half of the segment. Over each of 
these inlets a cast-iron hood or disperser is placed ; this dis- 
perser is beehive in shape, and has twelve openings i inch by 
i inch, as shown in Fig. 59. There are also provided two over- 
flow outlets, to which are connected overflow pipes. The 
method of arrangement will be seen on referring to Fig. 59. 
The bottom segment of the column is provided with a 
vapour inlet of 4 inches in diameter, and this is connected 
by a swan neck to the still. There is also cast on this seg- 
ment a 2-inch connection to which the return pipe is fitted. The 
return pipe is passed into the still, and should reach almost to 
the bottom, or else be bent in the form of a U-seal as shown in the 
figure. The top section of the column has a vapour outlet stool 
cast on to it, which may be 2 inches in diameter ; to this is 
connected the vapour pipe which will lead either to the con- 
denser coil or to the dephlegmator. If the column is not con- 
nected to a dephlegmator, it is very advisable to water-jacket 
the top six or eight sections. Should the column be connected 
to a dephlegmator, it is necessary to provide the top section 
with an inlet hole, to which is fitted the return pipe from the 
dephlegmator (see Fig. 59). This return pipe is made in the 
form of a U with one limb longer than the other, in order to 
provide a seal of liquid to prevent the vapours from entering 
the bottom portion of the dephlegmator. 

Dephlegmators vary in construction, some being cyhn- 
drical, and others square or rectangular in shape. All of 
these types will give excellent results, but only the cylindrical 
shape will be described. It consists of a mild steel cylinder, 
its diameter, as a rule, varying between 2 feet and 2 feet 6 inches 
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and its length between 7 feet and 8 feet. Inside the cylinder, 
about I foot 6 inches from each end, are riveted two plates, into 
which are fitted a large number of copper tubes of similar dia- 
meter (between | and i inch). Through these tubes a flow of 
water is maintained, and the vapours from the fractionating 
column pass round the tubes, the heavier vapours being cooled 
and returning to the fractionating column via the U-shape 
return pipe just described (see Fig. 60). The dephlegmator is 
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Fig. 60. — Diagram showing a Type of Dephlegmator and a Method of connecting to the 

Fractionating Colunm. 

therefore provided with a vapour inlet at the top, which enters 
just underneath the top tube plate, and a vapour outlet near 
the bottom, just above the bottom tube plate. A return pipe 
is also fitted near the bottom, just above the tube plate. Water 
is introduced through the inlet fitted to the bottom of the 
dephlegmator and leaves by the outlet at the top. 

After the vapours leave the dephlegmator, or, when this is not 
used, the fractionating column, they are conducted to a con- 
denser. This condenser may be constructed of wrought-iron 
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tubing, arranged in a number of laps placed in a cylindrical 
tank, or, especially in cases where a dephlegmator is used, of a 
cylindrical vessel inside of which are riveted top and bottom 
plates drilled \^ith holes into which a number of tubes are fitted, 
very similar in fashion to the arrangements just described under 
dephlegmators. If it is desired to fit up a condenser coil of the 
usual type, it is advisable to have that coil made in one length 
of wrought-iron pipe. The diameter may vary a little, but one 
of 2-inch diameter will generally prove quite suitable. The 
total length of the tube will vary, of course, according to the 
condition of the water supply and the rate at which it is required 
to work the still. With a still working at an average speed of 
about 70 gallons per hour, 180 feet of 2-inch wrought-iron pipe 
will be quite sufficient. The over-all diameter of each coil may 
be 4 feet 6 inches to 5 feet, and the distance between each lap 
should not be less than 4 inches. At least 4 inches should be 
allowed between the outside of the coil and the inside of the 
condenser tank, and the top lap of the coil should be covered 
with about 6 inches of water when the coil is working. 

The condenser tank is cyUndrical in shape and fitted with 
water inlet and outlet pipes, drain cock, etc., as described 
on page 50. Connected to the condenser is a divider box 
of exactly the same pattern as that described on page 53 
(Fig. 30). The outlet from the divider box, however, is con- 
nected up to several i-inch pipes by means of T-pieces, in order 
to conduct the various fractions to their respective storage tanks. 

Storage tanks may be square, rectangular, or cj^lindrical, 
according to convenience. In all cases they should be covered 
in and provided with a run-off tap, and also drain cock, through 
which any water which may settle out can be removed. 



CHAPTER X 

THE RECOVERY OF BENZOLS AND NAPHTHAS — FIRST DISTILLA- 
TIONS AND WASHINGS 

Distillation of crude naphtha by steam or fire — distillation of li^ht oil by 
fire — distillation of light oil fractions by steam or fire — distillation of 
light creosote by fire — washing crude benzol, crude solvent and crude 
heavy naphtha to remove tar acids and pyridine bases — a method of 
washing crude benzol — a method of washmg crude solvent — a method 
of washing crude heavy solvent — ^methods for the purification of drude 
benzol. 

The various qualities of benzols and naphthas are obtained 
from crude naphtha, light oil, and often from light creosote. 
It is necessary to wash these oils, or certain fractions obtained 
from them, free from tar acids and pyridine before the process 
of rectification can be carried out, and in the case of the heaxder 
oils, and verj^ frequently with crude naphtha, a first distillation 
by fire is carried out, as is described below. 

Dealing with crude naphtha, this distillate contains chiefly 
benzene and its higher homologues, and on treatment and recti- 
fication yields principally go's benzol and 50-90's benzol. 
Crude naphtha as pumped over from the receivers, will contain 
approximately between 4 and 6 per cent, of tar acids and a 
varying quantity of pyridine bases. The tar acids are renjoved 
as described in chapter vii. Pyridine bases are not removed 
until just before the rectification process. 

It is preferred by some to submit the crude naphtha to a 
distillation before washing out the tar acids. Others prefer to 
wash out the tar acids before distiUing, and it depends on the 
circumstances existing in the works whether this is done or not. 
In any case, after the tar acids have been removed it is advisable 
to allow an hour or two for settling, in order that any entangled 
phenolate may settle out. The extracted naphtha is then 
submitted to a distillation. This may be conducted in a fire- 
heated still fitted with a fractionating column, or in a steam- 
heated still to which a similar apparatus is connected. Two 
fractions may be collected, the first being run into what is 
termed the crude benzol receiver, and the second into a receiver 
for crude solvent. The end of the first fraction is generally 
found by submitting a portion of the distillate as it runs from 
the worm end to a rapid distillation in a retort in the laboratory. 
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As soon as the test sample shows the first drop at about iio° C. 
the distillate is changed over into the crude solvent tank. The 
end of the second fraction is determined when the specific 
gravity of the distillate taken from the worm end indicates 
approximately .965 to .970 at 60° Fahr. On to the residue in 
the still, other material is often placed, or it is removed and 
kept for working up with heavier distillates at some other time. 
The methods of obtaining the change-over points just given are 
not always used, and it is sometimes necessary to vary these 
according to the requirements which may obtain in the works. 

The steam-heated still in which this naphtha may be fraction- 
ated must be provided with an open steam coil, as it is necessary 
to assist the distillation with open steam after a certain point is 
reached. Generally, open steam is introduced into the still 
when the distillate at the worm end, on testing in the laboratory, 
commences to distil at about 95° C. If, however, high pressure 
steam is suppHed to the closed steam tubes, the open steam may 
be introduced at a later period. Care should be taken when 
first passing the steam into the still not to open the valve too 
wide. If this is done it will generally cause the stiU to prime, 
or, in other words, fill the fractionating column with the heavier 
material from the still. This, of course, is a serious matter, 
and will, if it occurs, generally spoil the operation. The valve 
should be opened yery gently at first, say about one-quarter of 
a turn, and then the passage of steam gradually increased until 
the still works evenly. When open steam is introduced, it is 
necessary to pass the distillate, as it comes from the worm end, 
through a divider box, in order to separate the condensed steam 
from the oil. The closed steam is not discontinued during the 
passage of open steam, but it must be regulated according to 
the rate of distillation desired. With reference to washing 
the distillates for pyridine, this will be dealt with after con- 
sidering the first distillations of light oil and light creosote. 

In deaUng with the Ught oil fraction, this should always be 
washed with caustic soda lye to remove any crystaUisable crude 
phenol, and also the crude cresyUc acid which it contains, before 
submitting it to a distillation by fire. Some distillers prefer 
to submit the oil to a fire distillation before washing for tar 
acids, but this method is, in the writer's opinion, a mistake, as 
some of the tar acids are lost in the bottoms. Details of the 
methods of washing are to be found in chapter viii, page 119. 

It is absolutely essential, however, to distil the light oil by 
fire before passing it along to the rectification plant to obtain 
naphthas. This oil, when distilled in the fire still, which should 
in all cases be fitted with a fractionating column containing at 
least 15 plates, may be separated into two fractions and a re- 
sidue, or one fraction and a residue. The quality of the oil will 
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determine which of these methods is the best to adopt. If 
the light oil is divided into two fractions, then the change over 
point from the first to the second fraction is generally deter- 
mined when approximately 25 per cent, has come over. With 
a large number of oils this point is also indicated when the dis- 
tillate at the worm end shows a specific gravity of about .925 
to .928 at 60° Fahr. This fraction may be termed " once run 
light oil A." The second fraction — ** once run light oil B '* — 
is complete when the distillate at the worm end shows a specific 
gravity between .990 and i.ooo at 60° Fahr. The residue re- 
maining in the still is run to creosote, or to special storage tanks, 
to await the recovery of the naphthalene. Should it be necessary 
to remove from the light oil one fraction only, then that fraction 
is complete when the specific gravity of the oil at the worm end 
is about .980 to .990 at 60° Fahr. In this case also the residue 
is dealt with as just mentioned. 

For the convenience of the still attendant, his " change 
over '* points, and finishing points, are often given him to read 
at 100° Fahr. For example, if it is desired to finish the dis- 
tillation at a specific gravity of i.ooo at 60° Fahr. then the still 
attendant should stop collecting when his distillate reaches 
.980 at 100° Fahr. Open steam is not used during the distil- 
lation of light oil by fire. 

It is advisable not to work too many charges through the 
light oil still before submitting it to a cleaning process : ten 
times may be taken as a good average. 

The distillate or distillates obtained from the light oil as 
just described are now washed free from tar acids, and then 
submitted to a further distillation, either in a fire-heated or 
steam-heated still provided with a fractionating column. In 
this operation the ** once run hght oil A '* distillate may be 
separated into one fraction and residue, or two fractions and 
residue. If only one fraction has been distilled off the light oil, 
this may be separated into one, two, or three distillates and 
residue. 

In the case of the '* once run light oil A," if this is separated 
into one fraction, the whole of it is run into the crude solvent 
naphtha receiver, and the point at which the distillation is 
stopped is indicated when the specific gravity at the worm end 
reaches about .960 to .980 at 60° Fahr. When two fractions 
are made, the first one is mixed with the crude benzol and the 
second run to crude solvent. The change-over point from the 
first to the second fraction is determined in a similar manner to 
that given under the working of crude naphtha on page 138, 
and the end of the second fraction is found as mentioned 
above. Considering a case in which only one fraction has been 
distilled off the light oil, should it be desired to separate this 
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into three fractions, then the end of the first fraction is deter- 
mined as already described. The second fraction is stopped 
when the specific gravity reaches .940 at 60° Fahr. at the worm 
end, and the third fraction, which is termed crude heavy naphtha, 
is finished when the specific gravity of the distillate collected at 
the worm end reaches between .960 and .980 at 60° Fahr, 

The '* once run light oil B " distillate, if separated into one 
fraction, is worked until a specific gravity of about .970 at 60° 
Fahr. is reached. This distillate is run into the crude solvent 
naphtha tank. If, however, it is desired to collect two fractions, 
then the end of the first is determined when the specific gravity 
at the worm end reaches about .930 at 60 °Fahr., and the end 
of the second when a test of the distillate collected as it runs 
from the coil shows .960 at 60° Fahr, The former is run to the 
crude solvent and the latter to the crude heavy naphtha receiver. 

The residue in all cases is run to creosote, or else reserved for 
the recovery of naphthalene. If it is desired to carry out the 
distillation just described in a steam-heated still, open steam is 
introduced with care shortly after the distillate appears, and 
the supply continued until the end of the operation, closed 
steam of course being employed throughout the entire distillation. 

The light creosotes from some tars are not rich enough in 
light oils to warrant a treatment for the recovery of these, but 
in some cases it is found that sufficient of the benzene homo- 
logues may exist in the creosote to warrant a distillation for the 
purpose of recovering a fraction from which these materials 
may be obtained. When this is the case the light creosote is 
submitted to a distillation in a fire-heated still provided with a 
fractionating column, and a fraction collected the amount of 
which will vary considerably, and the finishing point of which 
will have to be determined by the chemist on the works. After 
washing this fraction free from tar acids, it is necessary to 
submit it to a further distillation in a fire-heated still, separating 
into one or two fractions as is found advisable. The first 
fraction may be run to the crude solvent and the second to the 
crude heavy solvent receiver. 

The crude benzol, crude solvent, and crude heavy naphtha 
must be submitted to a washing process to remove pyridine 
bases and impurities. The former substances are of value to 
the tar distiller, and in almost every case are recovered and re- 
fined. Before commencing a wash, it is advisable to examine 
the oil, whichever quahty it may be, for tar acids, and if any 
exist they must be washed out. In all cases, before washing it 
is advisable to allow the oils to rest for a time to settle out en- 
tangled water. Pyridine is the first of a series of organic sub- 
stances which correspond to the general formula CnH2n — 5N, and 
it is represented by the chemical formula C5H5N. It possesses 
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basic properties and combines easily with mineral acids, ac- 
cording to the following equations : — 

(a) C5H5N +HC1 =C5H5NHC1 
or (b) 2C,%^ + K^S0^=(CA^)^U^S0^ 

A fuller description of the properties of pyridine and its 
chief homologues wUl be found in chapter xiii, pages 166-167. 

Sulphuric acid is used in all cases to remove the pyridine 
bases, and the quaUty usually employed is ordinary B.O.V., of 
about 146° Tw. In one part of the operation it is used as sup- 
pUed, and in another part it is diluted. After the p5aidine 
bases are removed, a stronger acid known as D.O. V., of a specific 
gravity of approximately 167° Tw., is employed. It is then 
necessary to wash the oils with water, then with caustic soda 
lye, and finally again with water. 

In all cases two washers should be employed, one in which to 
conduct the acid- washes and the other the caustic soda and the 
final water-washes. If the acid and soda washes are conducted 
in one washer, there is a great risk of some of the resinous matter 
produced by the action of the acid adhering to the sides of the 
washer suffering decomposition by the caustic soda and then 
being dissolved by the oil. Distillates from the rectifying still 
off oils to which this has happened will possess a pecuUar un- 
pleasant odour and will rapidly go off colour. 

Dealing first with crude benzol, one method of washing this 
material is as follows : A quantity of B.O. V. at 146° Tw. amount- 
ing to between i J to 2 per cent, of the volume of the oil is slowly 
added to the charge of oil in the washer, while it is under vigorous 
agitation. The period of agitation may be between 20 minutes 
to half an hour. After this time has elapsed the contents of the 
washer are aUowed to rest for about half an hour, and the greater 
part of the substance which settles out, known as pyridine acid, 
is run off into the pyridine-acid tank. After a further settling 
of about half an hour, any more pyridine acid which has separated 
should be run off, and then about J to i per cent, of D.O.V. 
slowly added to the oil, with agitation. The time occupied in 
agitating in this case may vary from 20 minutes to three-quarters 
of an hour, but care must be taken that the oil does not become 
too hot. After the agitation it is allowed to settle for about 
10 minutes, and as much of the substance (known as acid-tar) 
as has separated removed. The resinification of hydrocarbons 
brought about by the action of D.O.V. is sometimes considerable, 
and the acid-tar formed often very rapidly soUdifies to a 
** Uvery ''mass, which will not flow, and which has a tendency to 
adhere to the bottom and sides of the washer. It is policy, 
therefore, not to lose any time, but to remove as much as possible 
before this state sets up. Further settUngs of 10 minutes are 
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given, and any more acid-tar which separates is run off. When 
the whole of the acid-tar has been removed — ^it should be noted 
that this material must not be run to the pyridine acid tank — 
the sides of the washer should be carefully washed down with a 
spray of cold or warm water. This will settle to the bottom, 
and is removed via the catch tank — ^in which is separated and 
retained any oil which may escape from the washer — to a 
neutralising tank, and from the tank to the drains. After this 
preHminary wash, the oil is washed with water until the washings 
are practically free from acid. It is a good plan not to agitate 
the oil with water when giving the first wash, but to spray water 
on to the surface of the oil and let it fall through it to the bottom 
of the washer. When the washing is completed, the oil is 
pumped, or run by force of gravity, into the second washer and 
treated with about i to | per cent, of caustic soda lye standing 
at 40° Tw. or thereabouts. The soda lye is allowed to separate 
out, and then run off, and after this the oil is washed with clean 
water until the wash waters react neutral to Utmus. After a 
thorough settUng, the washed oil may be run direct into the 
rectification still, or to a storage tank, to await treatment at a 
later date. 

It is sometimes found advisable, in fact in the writer's opinion 
it is wise always, to wash the crude benzol with a Uttle dilute 
B.O.V. before adding the D.O.V. This will ensure a complete 
removal of the pyridine bases. This dilute acid may be pre- 
pared by adding one part, of B.O.V. to one part of water, and 
the amount added to the benzol may vary between | and i per 
cent. The total loss of crude benzol by washing varies con- 
siderably according to the quality of the oil ; however, a good 
average may be taken as 3 per cent. Some of the crude benzols 
contain unsaturated paraffin hydrocarbons, and these, of course, 
are acted upon by the sulphuric acid used in the washing, and 
will naturaUy increase the amount of loss. 

In the preparation of pure benzols from a crude benzol, it is 
often necessary to remove a substance known as thiophene, and 
also some of its homologues. Thiophene is represented by the 
chemical formula C4H4S. It has a boihng-point of 84° C, a 
specific gravity of 1.07, is colourless, and possesses an odour 
similar to that of benzene. Concentrated sulphuric acid dis- 
solves thiophene, and if the solution is treated with a trace of 
isatin, a dark blue colour is produced. As thiophene so 
closely approaches benzene with reference to its boihng-point, it 
is practically impossible to separate it by distillation. It is 
therefore necessary to remove it by chemical washing with 
concentrated sulphuric acid. In order to do this economically, 
it is wise to submit the crude benzol to a washing, as just de- 
scribed, and then carefully fractionate it and afterwards re- 
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wash the fraction, which represents the once rectified benzol, 
several times with small quantities of D.O.V. It is essential of 
com-se to submit the once rectified benzol — ^after it has under- 
gone several strong acid washes — ^to a test for thiophene in the 
chemical laboratory, When this test gives a satisfactory 
result, the material may be washed with water and caustic soda, 
and finally with water, as previously described. 

With reference to the washing of crude solvent naphtha, the 
process is essentially the same as that already described for 
crude benzol. It is necessary, however, to use a rather larger 
quantity of acid, as there is generally a higher percentage of 
pyridine bases contained in this material, and in order to produce 
rectified naphthas of good colour. So that the finished products 
shall be perfectly free from pyridine and able to pass the Weber 
test for that substance, it is advisable to use some dilute acid, 
prior to adding the strong acid (D.O.V.) used in the final acid 
wash. The following is a good method of washing a crude 
solvent. For the first wash add about i per cent, of B.O.V, at 
146° Tw. and agitate vigorously for between 20 minutes and 
half an hour. After the period of agitation, allow to settle to 
precipitate the pyridine acid, which is run off to the storage tank 
for further treatment. The second wash of about ij per cent, 
of B.O.V. is now given, the time of agitation being about the 
same. After the removal of the pyricSne acid, the naphtha is 
submitted to a third wash with dilute B.O.V. This dilute 
B.O.V. may be prepared by taking one part of acid and one part 
of water, and the amount used should be about ij per cent. 
Thorough agitation is necessary, and the time should not be less 
than haJf an hour. This weak acid wash will completely remove 
all the pyridine. The contents of the washer should be allowed 
to settle, and the weak pyridine acid which precipitates run off 
to the pyridine acid storage tank. At this point it is advisable 
to submit a sample of the naphtha in the washer to the Weber 
test. (See chapter xix, page 248.) If it passes this test, a 
fourth wash with D.O.V. is given. The quantity of this acid, as 
a rule, need not exceed more than between | and i per cent. 
It is sometimes necessary, however, to use rather more, but 
circumstances will have to decide this. The time occupied in 
agitating should not be prolonged : usually about 25 minutes 
is ample. After this the contents of the washer should be 
allowed to rest, to deposit acid-tar, and it is just as well to run 
this material off at intervals of about 10 minutes. If it is 
allowed to remain too long in the washer, there is a risk of its 
becoming so thick that it will not run through the outlet. The 
acid-tar should not be run to the p5aidine acid storage tank, 
but to a separate receptacle. 

At least I J hours should be allowed for setthng before the 
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water washing is commenced, and it is advisable to thoroughly 
wash down the sides of the washer, and also spray the water on 
the surface of the naphtha, allowing it to fall through it by 
force of gravity, before any water is agitated with the oil ; the 
water which separates during this process is removed before 
agitation with clean water is commenced. Further water 
washes are now given with agitation, which must not be too 
vigorous. When the wash water comes away from the naphtha 
practically neutral, a short time for settling is allowed, and the 
drainings removed. The naphtha is then pumped, or allowed 
to run by force of gravity, into a second washer for treatment 
with caustic soda lye of about 35°-40° Tw. A large amount 
is not necessary, the quantity usually varying between J to J 
per cent. After about 20 minutes' agitation, the contents of 
the washer should be allowed to settle thoroughly, the lye wash 
removed, and the naphtha then submitted to water-washes as 
already described. It is necessary that clean water be used 
and the last wash-water should come away from the naphtha 
quite neutral to litmus. When this is the case, the washed 
crude solvent may be removed to a storage tank or direct to 
the rectification still. 

Many of the crude solvents when washed with strong acid 
deposit an excess of acid-tar, often of a very resinous nature. 
A good method of avoiding this is to submit the crude naphtha 
to a second distillation before washing with acid, i.e, distilling 
the crude solvent in a steam-heated still, and collecting practi- 
cally the whole of it in one fraction. This fraction, when washed 
in a similar fashion to that just described, appears to give very 
little acid-tar in the final acid wash. There is also a great im- 
provement as regards the odour of the rectified material. The 
total loss of crude solvent varies to a much greater extent than 
that of crude benzol ; it may be between 5 and 13 per cent. 

In washing crude heavy solvent, a good deal of discretion is 
necessary. This class of material will contain varying quantities 
of naphthalene, and in the washing, especially with D.O.V., 
some of this material becomes sulphonated and is lost ; in fact, 
if not carefully conducted, the loss may amount to as much as 
25 per cent. It is generally necessary to use some D.O.V. if a 
rectified heavy naphtha which will keep its colour when exposed 
to the hght is desired. The method of washing is exactly the 
same as has already been described, and the average amount 
of B.O. V. used at 146° Tw. is 2 J per cent. ; of dilute B.O. V. (i : i) 
J per cent. ; and of D.O.V. i^ per cent. It is advisable to 
divide the quantity of B.O. V. so that three washes may be given 
with it, and with the D.O.V. two. A wash with caustic soda 
lye of about 35°-40° Tw. must not be forgotten, the amount 
used being between J and | per cent., calculated on the volume 

K 
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of the crude heavy solvent. Water-washes must be thorough, 
and it is absolutely necessary to secure neutrality after the acid 
and soda washes. 

According to English patent 10,066, loth July, 1915, instead 
of giving crude benzol the usual preUminary washing with acid 
and soda it is distilled direct and the benzol vapour passed 
successively through sulphuric acid {i6o°-i68° Tw.) and caustic 
soda solution (30°-40° Tw.). It is claimed that the process 
may be made continuous, that the washing is more effective, 
and that a substantial reduction in the amount of sulphur com- 
pounds is effected compared with other piuification processes. 

Crude benzol contains, among other impurities, a fair amount 
of carbon disulphide, and this objectionable substance is, in 
practice, removed in the process of rectification, as will be 
mentioned in the next chapter. J. A. Wilson, English patent 
14,152, 6th October, 1915, claims that benzene can be freed 
from carbon disulphide, before or after rectification or treatment 
with sulphuric acid, by agitating with caustic soda (20°-25° Tw.) 
at a temperature below the boiling-point of the benzene. 

An interesting process for the purification of benzol has been 
recently described.^ The crude benzol is purified by first 
vaporising it by known means and then passing it through 
sulphuric acid and a caustic alkali solution successively, and 
then (after any further desired treatment) condensing the purified 
vapour by known or any convenient means. For this purpose 
an apparatus (see Fig. 61 for a diagrammatic illustration) is pro- 
vided which consists of a still R, a dephlegmator S, and analyser 
T, aU of known or convenient construction, a compartment for 
sulphuric acid D, a compartment for aqueous caustic alkali 
solution E, and a condenser U. By this method and means the 
purification process may, if desired, be made continuous, and 
the purification is carried out in a single process. 

The compartments D and E are surrounded by a steam- 
jacket, by which this vessel is maintained at a temperature not 
less than that at which the benzol vapour enters, to avoid con- 
densation of the vapour when within the vessel. The benzol 
first bubbles through the sulphuric acid, then goes down the 
passage B, and bubbles up through the alkali solution. Baffles 
are provided in the compartments D and E to arrest any hquid 
spray that may be carried by the benzol vapour. 

The concentration of the acid solution is preferably 168° Tw. 
to commence with, and should be maintained as near as possible 
thereat if the best results are to be obtained, Good resists can, 

* English patent No. 10,066 of 191 5. Gerald L. Moss and Simon- 
Carves By-Product Coke Oven Construction and Working Company, 
Limited, 20 Mount Street, Manchester. Date of application, loth July 
1915. 
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however, still be obtained with a concentration of 160° Tw. 
Care should be taken that the caustic alkali solution is not or 
does not become of too high a concentration, as, owing to the 
rapid evaporation of the water, sulphite crystals are liable in 
that case to be formed and thus obstruct the clear working of the 
apparatus. A suitable concentration is 30° to 40° Tw. 

The pump V maintains a vacuum throughout the whole 
circuit, and the purified benzol is collected in Z. 




Fig. 61. — Moss and Simon-Carves' Apparatus for Benzol Purification. , 

Although the process is described as being carried out with 
the aid of an ordinary intermittent still, it will be understood 
that it may be applied equally to a continuous still, and in that 
case a complete unit may be provided for each fraction. 

An ingenious method for removing sulphur from oils by the 
aid of a catalytic agent, and which is applicable to the purifica- 
tion of benzols and naphthas, has been invented by E. V. Evans 
of the South MetropoUtan Gas Company.^ The following is 
a brief description of it : — 

The sulphur is eliminated as sulphuretted hydrogen by 

* English patent No. 22,147 o^ 1914- Edward V. Evans and the 
South Metropolitan Gas Company, 709 Old Kent Road, London. Date 
of application, 6th November 191 4. 
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heating the oil in presence of hydrogen or gas containing free 
hydrogen and a catalytic agent or contact substance. In the 
case of an oil of suitable boiling-point, the vapour of the oil 
mixed with a small proportion of hydrogen (5 or 10 per cent, 
of its volume) may be passed over the heated catalytic or contact 
substance and the sulphuretted hydrogen removed from the 
vapour by absorption by any known agent, or the oil may be 
washed after condensation to the Uquid form. 

The most efficient temperature of working is in the region of 
400° to 500° C, for at this temperature the iron pipes which 
contain the catalyst or contact substance are not destroyed, and 
the velocity of the reaction is so high that a relatively small 
area of contact is required. Certain oils are, however, decom- 
posed at these temperatures, and when this is to be avoided 
lower temperatures^must be employed. To this end a relatively 
greater surface of contact will be necessary in order to bring 
about a similar effect as at 400° to 500° C. It is necessary, 
therefore, to determine with each particular oil the maximum 
temperature, below 500*^ C, at which the oil is not decomposed, 
and to allow sufficient contact with the catalytic or contact 
substance to ensure that practically the whole of the sulphur of 
the oil is converted into sulphuretted hydrogen. 

The distillation of naphtha from crude coal tar is cited as an 
example of the application of the process. The vapours from 
the still are conducted to a furnace maintained at 450° C, in 
which steel or iron pipes are contained. A convenient arrange- 
ment for these pipes is in the form of a U. The vapours enter 
at the top of one limb and in descending are brought to the 
temperature of the reaction. To enhance this, the limb may 
be packed with non-combustible material. The catalytic 
material is placed in the second hmb. Assuming that the rate 
of distillation is 50 gallons per hour, the volume of each hmb of 
the U-tube should be about 7.5 cubic feet. A stream of hydrogen 
or cos^l gas is introduced at the inlet of the preheating tube or 
tubes and allowed to flow with the vapours at the rate of about 
400 to 500 cubic feet per hour. Only a small portion of this 
hydrogen is actually used, and it is advisable to pump the 
hydrogen over in a closed circuit. The sulphuretted hydrogen 
produced as a result of the decomposition of carbon disulpMde 
and sulphur compounds is washed from the condensed vapour 
by caustic soda solution, or it may be extracted direct from the 
vapour by means of an oxide of iron purifier kept sufficiently 
warm to prevent condensation. 

In the case of an oil which cannot be distilled the catal5^ic 
substance may be introduced into the Hquid oil, which is suitably 
heated while hydrogen is passed through it, or the heated oil 
may trickle over the catalytic substance while hydrogen is at 
the same time passing over it. 



CHAPTER XI 

THE RECTIFICATION OF BENZOLS AND NAPHTHAS 

Chemical and physical properties of benzene, tohiene, and the xylenes — 
fractionation of washed crude benzol — ^preparation of go's and 50-90's 
benzol — ^fractionation of washed crude solvent — ^preparation of 90 per 
cent, at 160° C. solvent naphtha — ^preparation of heavy naphtha — 
preparation of 75° F. flash naphtha — preparation of 85° F. flash 
naphtha — ^preparation of commerical 90 per cent, at 120° C. toluol — 
preparation of commercially pure benzene, toluene, and xylene — 
works costs. 

The composition of crude benzol and also of crude solvent 
naphtha varies somewhat according to the quality and kind of 
tar from which they are recovered, but benzene, toluene, and 
the three xylenes occur in one or other of them in consider- 
able quantity, and a brief description of the chemical and 
physical properties of these substances will not be out of place 
in this chapter. 

Benzene (CgHg) is a colourless, highly refractive, mobile 
liquid possessing a peculiar but not unpleasant smell. Its 
specific gravity at 0° C. is 0.899 ; at 15° C., 0.882 ; at 20° C, 
0.8791, and at 25 C, 0.876. When cooled in a freezing mixture 
it solidifies to a mass of colourless orthorhombic prisms which 
melt at 5.4° C. (corr.). Benzene boils at 80.36° C. (corr.). At 
ordinary temperatures 100 c.c. of water will dissolve approxi- 
mately o.oi c.c. of benzene. According to Kopp its specific 
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heat between 19° and 46° C. is 0.450. It is soluble in alcohol, 
ether, acetone, etc., and is an excellent solvent for resins, fats, 
ethereal oils, and many other organic compounds. Sulphur, 
iodine, and phosphorus are also soluble in benzene. With re- 
ference to the constitutional formula of benzene several have 
been suggested, but those of Kekul6 and Armstrong have re- 
ceived the most support. 

Benzene is a very stable substance, resisting the action of 
all the mild oxidising agents, and even when boiled with solutions 
of powerful oxidising agents, such as potassium permanganate 
or chromic acid, it is only very slowly acted upon. Dilute nitric 
acid has no action upon it, but strong nitric acid, especially in 
the presence of concentrated sulphuric acid, attacks it, forming 
nitro-compounds. 

1. CeHe+ HNOs^CeHg.NOa + H2O. 

2. C6H6 + 2HN03 = C6H4.(N02)2 + 2H20. 

Concentrated sulphuric acid acts upon benzene very slowly 
at ordinary temperatures, but at its boiling-point it is acted upon 
more rapidly, forming benzene sulphonic acid — 

CgHg + H2SO4 = C6H5.SO3H + H2O. 

Fuming sulphuric acid converts benzene into benzene disul- 
phonic acid, CgH4.(S03H)2. 

Chlorine and bromine act upon benzene in a very peculiar 
manner. In the presence of direct sunUght, or at fairly high 
temperatures, additive products are formed, such as hexachloro- 
benzene, CgHgClg, and hexabromobenzene, CgHgBrg ; but in 
diffused Ught and at ordinary temperatures benzene is slowly 
attacked, substitution products being formed, such as chloro- 
benzene, CgHgCl, dichlorobenzene, CeH4Cl2, bromobenzene, 
CgHgBr, etc. Iodine appears to have very little action upon 
benzene. 

Toluene, methyl benzene, phenyl methane, CgHg.CHg, is a 
colourless, highly refractive, mobile Uquid, with an odour some- 
what similar to that possessed by benzene. At 15° C. its specific 
gravity is 0.872, at 20° C. 0.866, and at 25° C. 0.8625. It solidifies 
below— 100° C. forming colourless crystals which melt at 
—93.2° C. (corr.). The boiling-point of toluene is 111° C. (corr.). 
With regard to solvents and its solvent action it behaves very 
similar to benzene. It largely resembles benzene in its chemical 
properties, differing principally in those which are due to the 
presence of a side chain (the methyl group). The constitu- 
tional formula of toluene is written thus — 
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Its behaviour with suphuiic and nitric acids resembles that of 
benzene in so far as it yields sulphonic and nitro-derivatives. 
These compounds, however, exist in three isomeric forms, viz., 
ortho, meta, and para. For example, mono-nitrotoluol exists in 
three forms represented by the following constitutional formulae : 
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At ordinary temperatures and in diffused light chlorine and 
bromine act on toluene, producing substitution products by 
displacing the hydrogen of the benzene ring or nucleus, thus : 



CH 



3 



CH, 



HC 




HC 



CCl 



HC 





CH 



HC 




CBr 



CH 



C 
H 



C 
H 



Ortho-chloro- toluene. 



Ortho-bromo toluene. 
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If, however, toluene is acted upon by chlorine or bromine at its 
boiUng-point, or in direct sunlight, substitution of hydrogen of 
the side chain or methyl group takes place, thus : 
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Benzo-tribromide. 



By the strong oxidising agents toluene is converted, with diffi- 
culty, into benzoic acid, the methyl-group or side chain, being 
oxidised. 

2C6H5.CH3 + 3O2 = 2CeH5.C00H + 2H2O. 



Toluene. 



Benzoic acid. 



Xylene, dimethyl benzene, CgH4(CH3)2, exists in three isomeric 
forms, viz., ortho, meta, and para. The constitutional formulae 
of these isomers are : 
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Meta-xylene. 



Some of its physical properties are given in Table XVIII ; and 
in Table XIX, constructed by Professor Richards and Mr C. L. 
Speyers, after making many careful observations, will be found 
some useful constants. 
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TABLE XVIII 



Specific gravity 



Isomer. 



At o" C. 



Ortho 0.8932 
Meta. 0.8810 
Para . 0.8801 



At25"C. 



0.876 
0.863 
0.859 



Melting- 
point, corr. 



- 29° C. 

- 54' c. 

15° c. 



Boiling-point, 
corr. 



142° C. 

138-5-139.5° c. 
137-137-5° c. 



Solubility in 


Water. 
Insol. 


Alcohol. 


Ether. 
Sol. 


Sol. 


Insol. 


Sol. 


Sol. 


Insol. 


Sol. 


Sol. 



Substance 
tested. 



Orthoxylene* . 
Metaxylene . 
Paraxylene . 



TABLE XIX 



Boiling-point 
in Deg. C. 



144.0 
139.0 
136.2 



Density at 20" 
C, compared 
with water at 
4' 



•«C. 



0.8811 
0.8658 
O.861I 



Surface tension 
at 20** C, in 
milligrammes 

per millimetre. 



Compressi- 
bility at 20" C. 
xio«. 



3.09 
2.96 
2.92 



60.0 

63.5 
65.2 



The three isomeric xylenes are colourless liquids possessing 
aromatic odours dissimilar to those of benzene and toluene. 
Their behaviour with concentrated sulphuric and concentrated 
nitric acids is very similar to that of toluene, sulphonic acids 
and nitro-compounds being formed. In the case of the para 
isomer it is necessary to use fimiing sulphuric acid to obtain 
the sulphonic acid. Oxidising agents act upon the three isomers 
with moderate ease forming the toluic and phthaHc acids by 
oxidising, in the former case one and in the latter case both 
of the methyl groups. Chlorine and bromine act upon the 
xylenes in a similar manner to the way in which they act upon 
toluene. 

The chief products obtained by the rectification of crude 
benzol are 90's benzol and 50-90's benzol, and by a second 
rectification commercially pure benzol, which will yield about 
95 per cent, within J to | of a degree. Crude solvent naphtha 
on rectification will yield a large number of products, many of 
which are specially made to the specification of buyers. There 
are several grades of solvent naphtha, the chief of which is 
known as 90 per cent, at 160° C. Some of the other grades 
obtained are solvent naphtha yielding 95 per cent, at 165° C. 
or 90 per cent, at 190° C, and also those possessing flash-points 
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of 75° and 85° Fahr. (Abel's close test). Commercial toluol is 
also obtained from crude solvent naphtha, and, by a second 
rectification, commercially pure toluol and commercially pure 
xylol. Crude heavy naphtha will yield various grades of heavy 
naphtha, the quaUty, specific gravity, flash-point, and distilla- 
tion of which will vary according to the requirements of the 
buyer. 

It is not possible to give here full particulars as to how aU the 
products ihat may be obtained from these materials are pre- 
pared, but brief consideration will be given to the method of 
producing some of the chief products. 

DeaHng with crude benzol with the object of making go's 
benzol, a charge of washed crude benzol is run into the recti- 
fying still and closed steam turned on. When the contents of 
the still become heated throughout, the steam is slackened a 
Httle and the worm end carefully watched. As soon as Uquid 
appears at the worm end, the steam should be regulated to a 
degree which will allow of the distillate running continuously, 
and not too fast. The material which comes over first from the 
washed crude benzol is termed " fronts,'' and contains a con- 
siderable quantity of carbon disulphide (CS2). This must not 
under any circumstances be mixed with the 90's benzol fraction 
which follows the *' fronts," but allowed to run into a separate 
receiver for further treatment. When the distillate at the 
worm end reaches a specific gravity of .890 to .898 at 60° Fahr. 
the tap on the " fore-runnings " or ** fronts " main is closed, 
and that on the 90's benzol main opened, in order that the con- 
densate may run into the 90's benzol tank. Distillation is now 
proceeded with until a sample collected from the worm end, and 
submitted to a test in the chemical laboratory, does not begin to 
distil until 100° C. is reached. It is of course necessary to make 
tests in the laboratory from time to time in order to guide the 
stillman. When the point just mentioned is reached, the flow 
of the distillate is cut off from the benzol tank and allowed to 
run into another receiver. When the distillate collected at the 
worm end is tested in the laboratory, and does not commence to 
boil until 130° C. is reached, the distillation is generally stopped, 
and the residue either run to a storage tank to await treatment 
with further bottoms, or on to it is charged some washed crude 
solvent. 

If it is desired to produce 5o*s-9o's benzol, then the 90's 
benzol fraction is cut a httle earher (about the point when a 
sample from the worm end on testing shows no distillate until a 
temperature of 95° C. is reached) and a fraction collected from 
this point until one is reached at which the distillate, when tested 
in the laboratory, does not commence to boil until about 120° C. 
is reached. This fraction is run to a special 5o's-9o's tank, to be 



RECTIFICATION OF BENZOLS AND NAPHTHAS 155 

dealt with later. Sometimes this quality of benzol is made by 
adding to the fraction collected some Ughter material. At times, 
however, the fraction itself will yield benzol answering to the 
tests required, i,e. 50 per cent, at 100° C. and 90 per cent, at 
120° C. The residue in the still is removed to a storage tank to 
await treatment with other bottoms, or else washed crude 
solvent is charged on to it. 

With reference to the methods of making 90 per cent, toluol 
and also commercially pure benzene, toluene, and xylene, a brief 
description is given a Uttle further on. 

The washed crude solvent is charged into an empty rectifi- 
cation still or else on to the residue from a distillation of crude 
benzol. Distillation is commenced by the use of closed steam, 
and the first fraction is collected until a sample taken from the 
worm end and tested in the laboratory begins to boil at about 
100° C. This fraction is generally run into the crude benzol 
storage tank for working up with another batch. For some 
classes of benzol, however, this fraction may be run into the 
90's benzol receiver. It is necessary to introduce open steam 
shortly after the distillation commences, but it is not advisable 
to do this until absolutely essential, and when it is, the steam 
must not be turned on too rapidly. If it is desired to make 
90 per cent, at 160° C. solvent naphtha, the end of the next 
fraction is determined when a sample tested at the worm end 
shows a specific gravity of about .895 at 60° Fahr., or, if sub- 
mitted to a distillation test in the laboratory, does not begin to 
boil until 160° C. is reached. It is advisable when working for 
this, and even other qualities of naphtha, to occasionally test 
the material in the receiver after a thorough stirring up. For 
instance, in the case of solvent naphtha, to find what percentage 
is given off at 160° C. ; in fact, some stillmen prefer to have their 
tank tested, as the collection of this fraction comes to a close, 
for the precentage of distillate yielded at 160° C, rather than 
making tests at the worm end. It is necessary of course to 
discontinue running the distillate into the solvent naphtha tank 
as soon as the contents of that tank yield 90 per cent, at 160° C. 
when tested in a retort. 

After the solvent naphtha fraction has finished coming over, 
the distillate is turned into another receiver. This fraction 
yields what is known as heavy naphtha, and the quahty of this 
naphtha will vary according to how far the distillation is carried, 
or whether one or more fractions are collected. If it is desired to 
make a very heavy naphtha, giving about 60 per cent, at 190° 
C, then the distillation is finished when a sample at the worm 
end shows a specific gravity of .980 to .990 at 60° Fahr. Other 
quaUties of heavy naphthas may be prepared by stopping the 
collection of the distillate at an earher point. The residue left in 
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the still is either run to creosote or else to a special tank, to be 
worked for naphthalene. • 

If it is desired to manufacture from the crude solvent fraction 
a naphtha possessing a flash-point of 75° Fahr. (Abel's closed test), 
and giving 90 per cent, at 160° C, then the following method is 
adopted. The distillation is commenced and the lighter portion 
is turned into the crude benzol tank, as already described, and 
then a further fraction is collected until a test of the material 
taken from the worm end shows no distillate until 130° to 133° C. 
is reached. This fraction is run into a special tank for re-dis- 
tillation, or into the solvent naphtha tank, according to condi- 
tions obtaining in the works. The distillation is continued 
from this point until a sample collected from the worm end does 
not begin to distil imtil about 152° C. is reached. This fraction 
will give a 75° flash naphtha with a distillation test as already 
mentioned. The remaining material in the still may be worked 
for heavy naphthas. 

Should it be required to manufacture a solvent naphtha 
yielding 90 per cent, at 165° C. and possessing a flash-point of 
85° Fahr., then the crude solvent is worked first of all for the 
Ughter fraction, as mentioned above, and then a second fraction 
is taken off, the end of which is determined when the distillate 
at the worm end, on testing in the laboratory, does not begin to 
distil until between 140° and 142° C. Between this point and 
that at which the distillate at the worm end when tested yields 
45 per cent, at 165° C. the desired fraction is obtained. The 
residue in the still is worked for heavy naphthas as previously 
described. 

In making these two quahties of solvent naphtha, a great 
deal will depend upon the rate of distillation, construction of 
fractionating column, etc. The slower the rate of distillation 
the larger the quantity of special material obtained from the 
charge. It is a very good plan to- collect the fraction in, say, 
50 or 8o-gallon drums, as tliis will avoid the risk of spoiling the 
whole. A sample may be taken from each drum, bulked and 
tested, and then, if necessarv, the contents of certain drums mav 
be cut out before bulking. 

Commercial toluol yielding 90 per cent, at 120° C. is obtained 
as a rule from crude benzol. This fraction is collected between 
the point at which a sample of the distillate, when tested, 
yields nothing until 100° C. is reached, and a further sample 
when tested does not commence to distil until 120° C. is attained. 
This point will vary a Uttle according to the quaUty of the crude 
benzol. 

In the manufacture of commercially pure benzene, toluene, 
and xylene, the method of procedure has to be varied somewhat, 
it being necessary first of all to distil the crude benzol into two or 
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three fractions, and then to re-distil these fractions. In the first 
distillation the crude benzol is separated into a ** fronts " fraction 
in the manner akeady described, and then a first fraction is 
collected until a test of the distillate leaving at the worm end 
yields nothing until 95° C. is reached. The second fraction is 
collected between this point and that at which a sample of the 
distillate collected from the worm end and tested does not begin 
to distil until 120° C. is reached. A third fraction may be col- 
lected, or the residue run to a tank for distillation with other 
bottoms. The first fraction is submitted to a further distillation 
in a still provided with a dephlegmator. It should be added 
here that if desired the crude benzol need not be washed before 
the first distillation, but the washing be carried out on this fraction 
and the second fraction obtained in the manner aheady men- 
tioned. In washing like this, less resinous material is obtained 
and generally a better quahty of product is secured. During 
the distillation of the first fraction for commerically pure benzene, 
it is necessary to keep the water in the dephlegmator at a tem- 

Eerature of about 60° Fahr. It is often essential to separate a 
ttle forerunnings, ** changing over '' when a sample collected 
at the worm end and tested does not commence to boil until 
80° C. is reached. The process is continued and the distillate, 
and also the conjtents of the receiver, are tested throughout 
the operation in order to keep the fraction as close as 
possible to the desired distilUng range, viz., one which will yield 
95 per cent, within about three-quarters of a degree. The 
finishing point is generally determined when a sample of the 
distillate collected as it leaves the worm end and tested does not 
yield a drop until 81.5°. C. is reached. Another quaUty of com- 
mercially pure benzene which drops at 79.5° C. and distils all 
over under 1° is prepared by collecting a fraction between the 
points at which a sample collected at the worm end and tested 
drops at 79° C. and another sample which when tested drops at 
about 80.5° C. Some manufacturers prefer to collect the distillate 
in 50 or 80-gaIlon drums and then test the drums and make a 
suitable mixing. This is a very satisfactory method. Com- 
mercially pure benzene should commence to boil at 80.5° C. 
and yield 95 per cent, at about 81.3° C. 

The second fraction obtained from the crude benzol is worked 
up together with any residue from the first fraction for commer- 
cially pure toluene. Water is allowed to run through the 
dephlegmator until a. sample collected at the worm end and 
submitted to a distillation shows nothing until about 109° C. 
is reached. At this point the distillate is '* changed over " and 
the fraction just obtained may be worked up with other material 
for commercially pure benzene. The water supply is now shut 
off from the dephlegmator, and that contained in the apparatus 
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allowed to get hot. Care should be taken of course to control 
the steam supply to the still, in order that the distillate does not 
flow too quickly. The distillation is continued until a sample 
collected at the worm end and tested does not begin to boil 
until a temperature of 110.5° C. is reached. Another method 
of working for the commercially piu-e toluene fraction is to 
commence collecting when a sample taken from the worm end 
and tested commences to distil at 109° C. (or 110° C. or 111° C), 
and then work the still very carefully until the distillate as it 
leaves the worm end ceases to yield 95 per cent, within 0.8 of 
a degree from the chosen collecting point. The distillate may 
be collected into one tank and frequently tested, or, better, in 
drums which are dealt with as described under commercially 
pure benzol. Commercially piu-e toluene may also be manu- 
factured from 90 per cent, toluol by a similar method to that 
just described. It should commence to boil at 111° C. and 
yield 95 per cent, at about 111.8° C. Some buyers demand a 
grade which drops at 109° C. and yields 95 per cent, at 110° C, 
others one which drops at 109.8° C. and yields 95 per cent, at 
110.8° C. 

Commercially pure xylene is obtained from the residue left 
from the distillation of pure benzene and pure toluene. These 
bottoms are worked up in a still provided with a dephlegmator, 
but almost all the water in the dephlegmator is removed so that 
the remainder will be converted into steam. The fraction col- 
lected for pure xylene comes over between the point at which a 
sample collected at the worm end and tested in the laboratory 
does not distil until a temperature of about 136.5° C. is reached, 
and that at wliich a further sample when tested shows no dis- 
tillate below about 139° C. These points will vary a little 
according to the grade required. This product is a mixture of 
ortho-, meta-, and para-xylenes, and varies a Uttle in test. A 
frequent requirement is, boiling-point 136.5° C, 95 per cent, 
off at 139.5° C, and another, boiling-point 136° C, 90 per cent, 
off at 139.5° C. and 95 per cent, off at 140.5° C. 

In making these pure products, great care is necessary as 
regards the speed at which the still is worked. The steam supply 
must be so regulated that priming does not take place. The 
water which is passing through the dephlegmator must be kept 
at a constant temperature. It is necessary that the material 
should be thoroughly washed with acid, etc., before placing in 
the still. The best results are obtained if the still is provided 
with high presure closed steam, so as to reduce the emplo5niient 
of open steam to a minimum. 

For the guidance of the student the following average 
figures showing the cost of labour, chemicals, and steam to pro- 
duce I gallon of rectified material are given. It must be clearly 
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understood that figures like these will vary in different works 
according to local conditions, state of the chemical market, 
etc. To produce i gallon of go's benzol, o.48d. ; i gallon of 
90 per cent, at i6o° solvent naphtha, o.56d. ; and i gallon of 
heavy naphtha, o.sgd. 



CHAPTER XII 

PLANT FOR TH£ WORKING UP OF PYRIDINE FROM PYRIDINE ACID 

Pyridine acid tanks — egg — ^neutralised pyridine acid still — condensing 
coil and tank — ^pyridine water receiver and drying tank — caustic soda 
tanks — lime slurry tank — ^pyridine rectifying still — fractionating 
column — condensing coil and tank — still " bottoms " tank. 

The plant required for the working up of pyridine acid for P5ni- 
dine will be dealt with under two heads, viz. : (a) That required 
for the manufacture of crude pyridine, and (b) that for the manu- 
facture of rectified pyridine. DeaUng with the plant for the 
manufacture of crude p3n:idine, there are several methods in 
vogue. One of these is to manufacture the crude pyridine 
during the process of making ammonium sulphate. This process 
requires a plant similar to that used for the manufacture of the 
latter material, as far as the still, liming apparatus, saturator, or 
cracker box, etc., is concerned. The cracker box is charged 
with diluted and clarified pyridine acid of a strength of about 
50° Tw. instead of diluted B.O.V. A connection is fitted to the 
cracker box to conduct away the aqueous p5^dine vapours that 
distil off owing to the heat of chemical reaction between the 
ammonia and the sulphuric acid, which is in loose combination 
with the pyridine bases. These vapours are conducted to a 
suitable condensing coil, and from there to a pyridine water-tank, 
and the poisonous non-condensible gases are conducted away 
for treatment by one of the approved methods. The weak 
pyridine water is allowed to rest, any oil which separates 
IS skimmed off, and the pyridine water is then distilled until 
about one-third of its volume has been collected. From this 
point the plant and process resembles that described in this 
and the following chapter. 

For the working up of pyridine acid by a more general process 
than that just described, the following pieces of apparatus are 
required : Lead-lined wooden tanks for the dilution of the pyri- 
dine acid ; a large egg ; a still constructed of wrought-iron or 
mild steel and provided with suitable fittings ; a condenser coil 
and tank ; a pyridine water receiving tank ; a p5nidine springing 
and drying tank ; one or more caustic soda tanks ; a lime mud 
tank ; and suitable staging, tackle, etc. 

The lead-lined tanks, or tanks for dealing with the pyridine 
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acid, may be of any suitable shape, and constructed of wood or 
mild steel lined with, say, 5 lb. or 7 lb. chemical lead. If con- 
venience will allow, they should be fairly deep, in order to render 
easier the skimming off of the resinous matter which comes to 
the top during the process. They may be erected on the ground 
level, and provided with a connection near the bottom for run- 
ning off the clear pyridine acid into the egg. 

The egg may be constructed of wrought-iron or mild steel, 
and, if desired, lead-lined. In the writer's experience a mild 
steel egg has proved quite suitable, and very little corrosion seems 
to take place, provided it is well drained and steamed out after 
each operation. The size of the egg will vary a Uttle, according 
to the bulk of material which has to pass through it ; but a 
good average capacity is 400 gallons. It should be provided 
with a pressure gauge ; safety-valve ; a i-inch air inlet ; a i-inch 
steam inlet ; a 2-inch outlet-pipe, which dips into a small dish 
made in the lower part of the egg and almost touches the bottom ; 
a 2-inch p5nidine acid inlet ; and at the bottom on one end a 
I-inch drain-pipe and valve. 

In order that the diluted pyridine acid may run into the 
egg by force of gravity, this piece of apparatus should be erected 
just below ground level. It is advisable to dig a sump deep 
enough to allow for a three-gallon bucket to be placed below 
the drain-pipe. The hole into which the egg is placed, and 
also the sump, should be brick-lined, and just sufficient space 
allowed in order that the sides of the apparatus may be in- 
spected : about 4 inches clearance is sufficient. It is advisable 
to keep this piece of apparatus just off the bottom, supporting 
it at intervals on non-absorbent bricks which have been treated 
with an iron protective compound. It is a good plan to coat 
the whole of the outside of the egg with a bituminous iron 
protective paint, to prevent rusting. 

For the distillation of dilute and neutrahsed pyridine acid, 
a still (Fig. 62) constructed of wrought-iron or mild steel plates, 
about ^-inch thick, is quite suitable. The bottom of the still 
should be dished or, better, of the shape of an inverted cone. 
At the bottom of the dish or the apex of the cone a 12-inch 
treacle valve or gate valve should be fitted. It will be found 
that a still with a cone-shaped bottom will discharge the Ume 
mud easier than any other shape. The dome of the still is 
constructed with a sHght rise. On the centre of the dome is 
fitted a cast-iron swan-neck stool and swan neck. If desired, 
however, a 3-inch wrought-iron pipe may be used instead of 
the swan neck and swan-neck stool for the purpose of con- 
ducting the vapours to the condensing coil. A manhole 18 
inches by 12 inches and a draw-up lid should be arranged for 
on the dome of the still. The charge-pipe will enter the dome 
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of the still and should project a little on the inside ; close to 
the point of entry should be fitted a cast-iron gland cock. A 
steam-pipe also enters the dome and runs almost to the bottom, 
where it is connected to an open steam coil. This coil will have 
to be arranged according to the shape of the bottom ; it is 

advisable to place it as near 
the bottom as possible, and 
also, if it can be managed, to 
arrange for two laps. The 
diameter of this coil and the 
steam-pipe supplying it will 
vary according to the size of 
the still. As a precaution, a 
small safety-valve of suitable 
type may be fitted to the still 
dome, or to the swan neck. 
In order to wash away any 
Ume slurry which may lodge 
on the bottom, particularly 
near the steam coil, it is as 
well to provide a i-inch or 
i^-inch water supply, to which 
may be connected a piece of 
flexible hose. After the still 
has been discharged and is 
cool, water may be played by 
means of the hose through 
the manhole, and by this 
means the still can be 
thoroughly washed out after 
each operation. 

Connected to the vapour 
pipe of the still is a con- 
denser coil, composed of a 
number of laps of wrought- 
iron pipe, circular in plan. 
This coil will vary in diameter 
according to the size of the 

Fig. 62.-Stm forthe^stiUation of Neutralised ^^[^ ^q which it is fitted. For 

instance, a still of a total 
capacity of about 1500 gallons would require a condensing 
coil of 3 inches in diameter and about 150 feet long. The 
distance between each lap should not be less than 4 inches, in 
order to allow a free circulation of water, and the distance 
between the edge of the condenser coil tank and the outside 
edge of the coil should be about 6 inches. A cylindrical wrought- 
iron tank constructed of J-inch plates is used to contain the 
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coil. This tank is provided at the top with a water otitlet and 
a water supply pipe, which should reach to within about 2 
inches of the bottom. The end of the condenser coil may be 
put either through the bottom or the side of the tank, and is 
connected up to a delivery direct into the pyridine water re- 
ceiver. It is as well to place at the bottom of the condenser 
tank a i-inch drain tap, in order that the water may be removed 
if the tank or the coil require repairing. 

i-*l For the collection of the pyridine water which runs from the 
condenser coil, a square, cylindrical, or rectangular tank may 
be used, according to convenience. This tank may be constructed 
of wrought-iron or mild steel plates, and should be covered, in 
at the top with a wooden cover, which can be easily removed. 
It should be provided with a 2-inch run-off tap. In many 
cases it is convenient to use this receiver for the purpose of 
separating the pyridine from the water and afterwards drying 
it. If it is not convenient to do this, then a further tank will 
be required. This tank will of course have to be connected to 
the receiver and provided with two 2-inch run-off taps, one for 
the removal of spent soda and the other for dried pyridine, and 
also an inlet pipe to convey caustic soda to the contents of the 
tank during the drying operation. It may be constructed of 
mild steel plates, or of wood, lead-Uned. 

In the process of drying pyridine, strong caustic soda lye is 
required, and it is necessary to provide a tank for holding this. 
A further tank will be required, into which the dilute caustic soda 
lye may be run after the operation. If solid caustic soda is used 
to prepare the strong solution, then the strong lye tank must 
be provided with a grid, the bottom of which must be just 
covered with water when the tank is, say, three parts full. This 
grid is required to support the spHt drum of soUd caustic soda. 
The process of dissolving will go on mechanically, especially 
if a small open steam coil is placed in the tank and the water 
warmed. Some manufacturers prefer to- use Uquid caustic 
soda of 90° Tw. If this material be employed, then it is not 
necessary to place a grid in the strong lye tank, as this quaUty 
of soda may be run out of the dnmis into the tank. In order 
to transport the strong caustic soda lye into the pyridine 
drying tank, an egg or blow boiler is required (some prefer to 
use a pump, but this plan cannot be recommended). If con- 
venient, the weak pyridine acid egg may be employed for 
this purpose. If this method is not convenient, then a rather 
smaller egg may be put in. 

A tank is required into which the lime slurry from the 
pyridine still may be run after the completion of an operation. 
This tank should be placed immediately underneath the still, 
and should of course be of sufficient size to contain easily the 
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whole discharge. As this slurry is generally very wet, and a 
certain amount of water is dropped on to it during the washing 
down of the still, it is a good plan to build into the tank a filter 
bed, similar to that described in the manufacture of caustic 
soda (chapter vii, page 104). This will materially assist in 
the separating of the water from the slurry. The shirry is dealt 
with in a very similar fashion to the lime-mud from the causti- 
cisers, and should it be necessary, owing to circumstances, to pro- 
duce a very stiff mud before removing from the works, then a cen- 
trifugal machine may be required to deal finally with the material. 

With reference to the position of the various pieces of plant 
described, it is necessary that the still be erected of sufficient 
height to allow the condenser coil and tank, and also the pyridine 
water and drying tanks, being placed above ground level. The 
pyridine drying tank should be of such a height from the floor 
that drums, carboys, or barrels may be filled from it by force of 
gravity through the run-off tap. The hme slurry tank may 
be placed on the ground level, or a Uttle above it, according 
tp convenience. The caustic soda tanks should be on the ground 
level, and the egg, if one is put in for dealing with the caustic 
soda lye, should be placed in close proximity to the tanks and just 
below ground level. Over the caustic soda tanks and the pyri- 
dine drjdng tank a runway should be placed, on to which a 
chain block and pulley is fitted for the purpose of hauhng up 
caustic soda drums, etc. Necessary staging, made of wood, 
may be erected round the tanks for the convenience of the 
workmen attending the process. Fig. 63 shows diagrammati- 
cally one method of arranging the plant. 

For the rectification of crude dried pyridine, the following 
are the chief pieces of plant required : A wrought -iron or mild 
steel still with fittings ; fractionating tower ; condenser coil 
and condenser tank ; receiver or receivers (some prefer working 
into small drums or carboys), and one or more bottoms tanks. 

The still may be constructed of J-inch plates. The bottom 
should be concave and connected to a channel plate in a similar 
manner to that described under tar stills. A suitable run-off 
or tail pipe is fitted to the still for the discharge of bottoms. 
The dome of the still should have a sUght rise, and in the centre 
of the same a swan-neck stool and swan neck should be fitted. 
A charge-pipe is connected to the still at the top, and it is also 
provided with a manhole and draw-up manhd. It is advisable 
to fit a safety-valve to the still. The still settings, flues, fire- 
place, etc., are built in a similar fashion to that described under 
tar stills ; but it must be borne in mind that the top of the flue 
should be just below the level of the liquid left in the still at 
the finish of the operation, otherwise there is a risk of the still 
plates getting burnt. 
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Connected with the swan neck is a small fractionating tower 
or column. This tower may be cylindrical in shape and built 
of wrought-iron. Inside the column a series of perforated 

I)lates are fitted. The number of these plates need not be 
arge, say between 10 and 15. One constructed on a similar plan 
to that shown in Fig. 58 will prove quite suitable. The colxunn 
is provided at the bottom with a U return pipe, which is led 
into the still, and at the top with a vapour pipe which is con- 
nected to the condenser coil. 

With reference to the condenser coil, this is best constructed 
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Fig. 63. — Diagrammatic lUustiation of One Method of arranging a Recovery Plant for 

Crude Pyridine. 

of lead. It should be property stayed inside the condenser 
tank, which is constructed of wrought-iron. The usual water 
supply and outlet arrangements and drain tap are fitted to the 
tank. The end of the coil is connected to a small observation 
tank, which may be constructed of wood and lead-Uned, and 
provided with an outlet, which may lead to receivers, or through 
which the distillate can be run into carboys or drums. 

Tanks for the storage of still bottoms may be constructed of 
wrought-iron or mild steel plates, and built of any suitable shape. 
They should of course be covered, and pro\dded with a manhole 
and lid, charge-pipe, discharge-pipe, and air outlet. The latter 
is necessary to let out the air when running in the bottoms. 
These tanks may be placed in any suitable position near the still, 
according to convenience. 



CHAPTER XIII 

THE RECOVERY AND RECTIFICATION OF PYRIDINE BASES 

Chemical and physical properties of the chief pjnridine bases— diluting and 
distillation of pyridine acid — ^recovery of crude pyridine bases from 

Eyridine water— details of an actual working — drying crude pjnridine 
ases — rectifying dried crude pyridine bases — ^preparation oi 90 per 
cent, at 140° C. pyridine bases and also heavy bases — ^yield of pyridme 
bases from coal tar light oils. 

Pyridine bases as recovered from coal tar consist of a mix- 
ture of aromatic bases corresponding to the general formula 
CnHgU— 5N, of which the chief are pyridine, picolines, luti- 
dines, and colHdines. 

Pyridine, C5H5N, is a colouriess, mobile liquid, possessing a 
peculiar unpleasant odour. Its specific gravity at 0° C. is 
1.0033, at 15° C. 0.9855, and at 25° C. 0.976. It fonjis colourless 
crystals which melt at less than —100° C., and it boils at 116° C. 
(corr.). In water, alcohol, and ether it is soluble in all pro- 
portions, and it turns red litmus blue. Pyridine is represented 
by the following constitutional formula : — 



CH 




CH 



It is very stable towards oxidising agents such as nitric and 
chromic acids, even when boihng, and is only with difficulty 
attacked by the halogens. If heated to 330° C. with a mixture of 
concentrated nitric and sulphuric acids, ^-nitro-pyridine is 
formed, in the shape of colourless, needle-like crystals possessing 
a melting-point of 41° C. and boiling at 216° C. Boihng with 
concentrated sulphuric acid yields a sulpho compound. 

Pyridine is a strong tertiary base, and it forms crystaUine 
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salts with one equivalent of a mineral acid such as the sulphate, 
(CgHgNjg^HgSO^, and the hydrochloride, C5H6N,HC1. With 
platinum chloride it forms a double salt, (C5H^N,HCl)2PtCl4, 
which crystaUises in orange yellow needles, melting at 240° C. 
and dissolving with ease in water. On prolonged boiUng this 
solution deposits a very sparingly soluble yellow salt of the 
formula (C5H5N)2PtCl4. Pyridine reacts with methyl iodide, 
forming pyrimne methiodide, C5H5N,CH3l, and, Hke anunonia, 
it blackens mercurous chloride. When pyridine is added to a 
solution of ferric chloride it gives a precipitate of ferric hydrate. 
The three picoUnes or methyl pryidines, CH3.C5H4N, possess 
many properties in common with pyridine. They are represented 
by the following constitutional formulae : — 




CH CH3C6 




CH HC 



CHiC^ «3CH HCl^ yen 



HC 



N 

/3-picoline. 




CH 



^JCH 



The first or a-picoline has a specific gravity of 0.9613 at o*^ C. 
and of 0.9526 at 10° C. It boils, at 133.5° C. (corr.), and 
is oxidised by potassium permanganate to picoHnic acid, 
CgHgN.aCOOH. The ^-picoline possesses a specific gravity oi 
0.9762 at 0° C, and it boils at 143.5° C. On oxidation it yields 
nicotinic acid, CgHgN.jS.COOH. The last of these isomers, 
y-picoUne, has a specific gravity of 0.9742 at 0° C, it boils at 142.5- 
144.5° C, and on oxidising is converted into isonicotinic acid, 
C5H5N.7.COOH. 

There are six isomeric dimethyl pyridines or lutidines 
(CH^)2C6H8N, the chief of them being a a lutidine, having a 
speafic gravity of 0.9467 at 0° C, and boiHng at 156° C. (corr.) ; 
2.4 lutictne, with a specific gravity of 0.9493 at 0° C. and a 
boiling-point of 157° C. (corr.), and 2.6 lutidine, possessing a 
specific gravity of 0.9420° at 0° C. and boiling at 142-143° C. 
(corr.). 

The isomeric trimethyl pyridines or coUidines are represented 
by the formula C5H2(CH3)3N ; and i .3 .5 collidine possesses a , 
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specific gravity of 0.917 at 15° C, and it boils at 172° C. (corr.). 
The I .3 .4 isomer boils at 165-168° C. (corr.). 

The pyridine acid as it is run off from the bottom of the 
washing tanks contains, in addition to pyridine bases, oily 
and resinous substances, and it is necessary to separate these 
substances before the pyridine can be recovered. This is done 
by adding clean water, with thorough stirring, and the amount 
added is, as a rule, about the same bulk as that of the pyridine 
acid. Some prefer to work to a specific gravity, and if this is 
done, it will vary between 40° and 45° Tw. It should be borne 
in mind that unless sufficient water is added, some of the oil 
and resinous matter may be retained in the pyridine acid, and 
if this does happen, the whole batch of crude pyridine will be 
spoilt. It is far better to slightly over, than under, dilute the 
pyridine acid. A point worth bearing in mind is that some- 
times the first wash water (after the acid washes) from the benzol 
and naphtha may contain some pyridine bases, and therefore 
this water may be used with advantage to dilute the pyridine acid. 

After the addition of the water, and a thorough stirring, 
the contents of the tank are allowed to rest for some hours. 
It is advisable, if it can possibly be managed, to allow the con- 
tents of the tank to rest overnight ; the longer the period of 
rest, the more complete the separation of oily and resinous 
matters. When these substances have completely separated, 
they are skimmed off the subnatant clarified pyridine acid. 
Should the mass be heavy and resinous in nature, it is usually 
burned at the steam boilers. If, however, it is oily and will 
flow, it may be mixed with creosote oil, or if it appears to be 
composed to a large extent of unaltered benzene hydrocarbons, 
then it may be mixed with crude oils. If it is mixed with creosote 
or crude oils, care must be taken that no acid liquor is removed 
with it. 

It is wise to submit a sample of pyridine acid to a test in 
the laboratory to see whether it is saturated with pyridine bases. 
If it is not, it may be used as a first wash on a fresh oil, after it 
has been diluted a little, and the oily and resinous matter 
skimmed off. By this means a further quantity of pyridine 
bases will be taken up and generally a complete satiuration 
obtained, at the same time very Httle oily or resinous matter 
is picked up. Pyridine acid of this nature must, however, be 
put through the same process of dilution as that already de- 
scribed before working up for the recovery of bases. 

A useful point to bear in mind is that the condensed water 
from a steam distillation of once-distilled Ught oil contains 
some pyridine bases. When it is convenient, this water should 
be used to dilute the pyridine acid. The following details of 
an actual distillation will illustrate this point : — 
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Once-distilled light oil charged into the still and submitted to 
distillation by steam, the volume being 1200 gallons. 



Time. 


Rate of distmation. 


Pyridine bases 
in water. 


Water 


ou. 


Hour. 
ISt 

4th 
9th 
I2th 


Gall, per hour. 

I 

25 

45 
55 


Gall, per hour. 
100 

75 

50 
20 


Percent. 

1.5 
0.65 

trace 



Volume of pyridine bases in the bulked water, 2.73 gallons. 

Amount of pyridine bases removed from the oil by water, 
0.228 per cent. 

The clarified pyridine acid is run from the bottom of the 
diluting or treatment tank into the acid egg. In the mean- 
time the still is charged with a quantity of quicklime. The 
quickUme is slaked wMle in the still, and the mass thoroughly 
boiled up with open steam, the manlid of course being closed 
prior to the boiling operation. When the lime-milk is thoroughly 
heated, the pyridine acid in the egg may be blown into the still. 
The pyridine acid should not, under any circumstances, be 
introduced into the still first, as owing to its more or less 
acid nature, it is apt to act upon the metal, and also as the 
reaction with lime commences at once, the addition of this 
material last will make the operation obnoxious and may 
result in some loss. It will generally be found that the dis- 
tillation commences almost as soon as the contents of the egg 
have been discharged into the still, and on this account care 
must be taken when introducing open steam into the still, 
otherwise there is a risk of blowing over some of the contents 
into the coil and receiving tank. It must of course be remem- 
bered that the water flow through the condenser tank should 
be started before charging the pyridine acid on to the Ume- 
milk. Immediately the acid egg is discharged it is advisable 
to open the drain cock and thoroughly drain, and then cleanse 
by blowing open steam into the egg for a short time. 

The rate of distillation is controlled so that the distillate 
(which consists for some considerable part of the operation 
of a solution of pyridine bases in water) flows from the worm 
end in a stream about the thickness of three fingers placed 
together. This distillate should leave the condenser coil at 
the beginning perfectly clear, not cloudy. There are times 
when a sHght cloudiness appears, which clears up in, say, about 
ten minutes. If, however, the cloudiness persists for any 
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considerable length of time, then it is an indication that an 
excess of oily matter has got into the still with the pyridine 
acid. In a case Uke this, there is nothing to do but finish 
the distillation and recover the pyridine, as will be described 
shortly, dissolve it in dilute acid, and allow the oil to 
separate and then skim off, after wMch the clarified pyridine 
acid will have to be submitted to another distillation. Towards 
the end of the distillation, it will be noticed that the distillate 
leaves the worm end cloudy. This cloudiness is not due to oily 
material, but to heavy pyridine bases which are not soluble 
in water. These bases are worth recovering, but are not so 
valuble as the soluble ones, and the distillation is continued 
for some Uttle time after the appearance of the cloudiness which 
indicates their presence. The best method of obtaining the 
point at which the distillation should be discontinued is to 
examine by a rough test a sample of the distillate as it leaves 
the worm end for the percentage of pyridine bases. This test 
is carried out as follows. Two hundred c.c.'s of the distillate 
are run into a separating funnel and " sprung " with about 80 
c.c.'s of 90° Tw. caustic soda. After a short rest the under- 
lye is removed and a further quantity of 90° Tw. caustic soda 
(about 50 c.c.'s) added. The lot is well shaken, allowed to rest, 
the under-lye removed, and the bases nm into a graduated 
measure. 

If it is desired to recover all the heavy bases possible, then 
the distillation should cease when about i per cent, is present 
in the distillate ; otherwise the operation is brought to a close 
when I per cent, of bases are present in the distillate as it runs 
from the worm end. The length of time which a still may run 
between i and i per cent, is sometimes considerable, and it 
may cost in many cases more for steam, etc., than the heavy 
bases which are recovered are worth. In addition to this, there 
is such a large volume of water distilHng into the pyridine 
water tank that a very considerable amount of soda will be 
required to throw the whole of the pyridine bases up, and this 
will result in a very weak recovered caustic lye, which may 
require concentration before it can be used in the works for any 
other purpose. With further reference to this point, some 
distillers prefer to collect heavier bases in a separate tank and 
spring them separately with soda. Throughout the whole 
operation the distillate should leave the worm end at a tempera- 
ture below 75° Fahr. 

Details of an actual working will no doubt be of use to the 
student. 

Charge of diluted and clarified pyridine acid into still, 350 
gallons. Distillation commenced at 12 noon. P5nidine bases 
in distillate estimated with 90° Tw. caustic soda lye. 
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Time. 


Percentage of bases in 
distillate at worm end. 1 


Average rate 
of distillation. 


Remarks. 


12.15 
12.30 

12.45 
1. 00 

2.00 

3.00 

3.45 
4.00 


56 

48 1 

43 

31 
10 

4 
2 

1.2 =1.03 dried 

bases 


IIO gall, 
per hour 


Heavy bases ap- 
peared at 1.30 p.m. 
At 3 p.m. 292 galls, 
of distillate collected. 
At 4 p.m. 400 galls, 
collected 



It is advisable to discharge the contents of the still through 
the gate valve at the bottom into the tank underneath very 
shortly after the operation of distillation is finished. If this is 
not done, there is a tendency for the Ume residue (this consists 
chiefly of a mixture of calciuna sulphate and unreacted-upon 
lime) to settle on to the still bottom and sides into a dense mass 
which is difficult to remove. As soon as possible after the 
discharge of the lime mud, the manhole should be opened and 
the sides and bottom of the still washed down with cold water. 
The mud, after draining by filtration or any other method found 
suitable in the works, is either taken to a " tip " or got rid of 
in any other convenient manner. 

With reference to the quantity of lime required for a dis- 
tillation of clarified pyridine acid, this will vary somewhat 
according to the amount of sulphates of the bases present. It 
is as well to submit a small quantity to an examination in the 
chemical laboratory for the amount of sulphuric acid, and then 
calculate the quantity of lime required for neutralisation. A 
shght excess over this quantity is generally added. As a guide 
500 gallons of clarified pyridine acid, at a strength of about 
40° Tw., will require 1600 lbs. of Buxton Ume. The writer, 
however, strongly advises a laboratory test to be made each 
time, rather than working by rule of thumb. 

The weak pyridine water in the receiver will contain a 
varying quantity of pyridine bases. Average amounts range 
between 35 and 40 per cent. This pjnidine is recovered in most 
works by the addition of caustic soda of moderately high specific 
gravity. Pyridine bases are not soluble to any appreciable 
extent in solutions of caustic soda above 30° Tw. It is therefore 
necessary to use a strength of caustic soda sufficiently high to 
5deld an under-lye of a strength not less than 30° Tw. or 1.15 
specific gravity at 60° Fahr. A good strength to use for the 
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separation or springing of the pyridine bases from the water 
is between 45° and 50° Tw. While adding the. caustic soda lye, 
the contents of the tank should be thoroughly agitated, and 
when this operation is finished, a period of resting of, say, one 
or two hours should be allowed. The weak under-lye may then 
be run off into a storage tank for further use, say for the re- 
covery of cresyHc acid or phenols, or it may be concentrated 
or reinforced with solid caustic soda to raise its strength. The 
pyridine which has separated will yet contain water, and it is 
necessary on this account to dry it. 

The p5nidine bases are considered as sufficiently " dry " 
when they contain not more than 4 per cent, of water. The 
drying process may require several treatments with strong 
caustic soda, but in all cases the last operation should be con- 
ducted with a caustic soda lye of a strength of not less than 
90° Tw. In the writer's opinion caustic soda for use in the 
drying operations should not be weaker than 60° Tw. for a 
commencement. It is not possible to give any definite figures 
in connection with the volume required to dry pyridine . bases, 
but these quantities can be found quite easily by carrying out 
rough laboratory tests on a given quantity of the bases. If 
50 c.c.'s are taken in a 100 c.c. test mixer, and small quantities 
of caustic soda of the strength it is desired to use are added, 
shaking after each addition and allowing to settle until a point 
is reached where a further addition of the caustic lye shows no 
further shrinkage of the pyridine bases, then from the amount 
of caustic soda required to reach this point the volume necessary 
to dry the bases contained in the treatment tank can be obtained 
by a simple calculation. 

In a works where the COg process for the recovery of phenols 
is in use, the pyridine may be conveniently sprung or separated 
from the water by the use of soda ash (58 per cent, alkali). It 
must be remembered, however, that the separated pyridine 
cannot be dried with this material. The under-lye of soda ash 
solution can be used for reinforcing the spent liquor (impure 
carbonate of soda solution) obtained from the reaction tower 
before it is cauticised. (See Chapter viii, page 116). 

This under-lye may also be causticised after diluting to a 
strength of about 23° Tw. and then used in the COg process or 
else concentrated and used on the pyridine plant. The soda 
ash should be added in the dry state, and after each addition 
of, say, a couple of hundred pounds, the tank contents should 
be very thoroughly agitated. It is necessary to continue 
this agitation until the whole of the ash has dissolved, after 
which the contents are allowed to rest to enable the " sprung " 
pyridine to rise to the siurface. The under-lye of soda ash 
solution is run off and any drainings removed before the addition 
of caustic soda for the purpose of drying. 
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With reference to the quantity of soda ash required to 
'* spring " pyridine bases from weak p5nidine water, the following 
figures may serve as a guide. To every 100 gallons of pyridine 
water, about 170 lbs. of 58 per cent, soda ash is added. The 
under-lye, after the separation of the pyridine bases, will test 
about 40° Tw. If soda ash is used for '' springing," the drying 
operation is carried out in the manner already described. 

The '' springing " and drying operation may be carried out 
in the receiving tank, but it is advisable, especially in cases in 
which a large volume of pyridine acid is to be worked up, to 
carry out this series of operations in another tank. This will 
reheve the receiver, and a further distilling operation may be 
carried on within an hour or so of the finish of the previous one. 

The dried pyridine may be run into a storage tank to await 
the process of rectification, or if this process is not carried out 
at the works, then the pyridine is generally filled into barrels, 
or, better still, into iron drums, ready for despatch. It is neces- 
sary of course to sell this material on a test, and the method of 
carrying this out will be found on page 232, chapter xix. 

In the process of rectifying crude dried pyridine, it is a good 
poUcy to collect the fractions into small receivers or packages, 
so that each may be tested at the end of the operation, and a 
suitable mixing made to obtain a rectified pyridine which will 
answer any test required by the buyer. The two chief types 
of rectified pyridine are : one which will give not less than 
90 per cent, at 140° C. when distilled in a 100 c.c. Wurtz flask, 
and the other which 5delds 50 per cent, up to 140, and 90 per cent, 
up to 160° C. There are other tests which these rectified 
pyridines are required to answer, and they will be described 
fully in chapter xix. 

Having charged the still with a quantity of crude dried 
pyridine, the fire is hghted, and the temperature of the still 
contents raised fairly rapidly at first, but as soon as the dome 
begins to get hot the filing is carefully regulated until the 
distillate appears at the worm end. Priming into the fractionat- 
ing column must be avoided. 

The distillate is now collected until a sample taken from 
the worm end and tested does not commence to distil until 
140° C. is reached. This fraction may be collected in a single 
receiver and reserved for 90 per cent, at 140° C. pyridine. If 
this is done it is advisable to test the contents of the receiver 
frequently for the percentage at 140° C, after a thorough mixing, 
when the change-over point is near at hand. The distillation 
is continued from the point just mentioned until a sample 
collected at the worm end and tested does not yield anything 
at 160° C. This fraction is known as heavy refined pyridine. 

Another plan may be used for collecting the first fraction 
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from the distillation of crude pyridine. It is to run the distillate 
into 40-50-gallon drums and cut for the first fraction when a 
sample taken from the dnmi into which the distillate is " work- 
ing " and tested yields about 70 per cent, at 140° C. The second 
fraction is collected between this point and that at which a 
sample of the distillate when tested yields nothing at 160° C. 

After the second fraction has been collected, distillation is 
discontinued, and the residue run to the bottoms tank, after an 
interval of an hour or so, in order to allow it to cool down some- 
what. The second fraction is refractionated in the same, or a 
similar still, in order to obtain some more pyridine bases suitable 
for mixing with the first fraction. It is advisable to spUt this 
fraction on redistillation into two portions, cutting the first 
fraction when a sample from the worm end begins to distil at 
140° C. and the second fraction when a sample tested from the 
worm end yields nothing at 160° C. The residue in the still is 
run to the bottoms tank. It is a good plan to collect these two 
fractions in carboys or small drums, as it renders it more con- 
venient when carr5dng out the mixing process. 

With reference to this process, it is not easy to describe in 
detail the method of carrying it out. It requires a few months' 
experience in order to decide correctly how many gallons of 
bases giving one test should be added to bases of another test 
to produce the desired result. It is a good plan to test the 
contents of the. carboys obtained from the refractionation of 
the second fraction from the first distillation, and also the 
contents of the drums which contain the first fraction from 
the first distillation. Having obtained these distillation tests, 
experience will teach whether the contents of one or more 
carboys from the redistillation of the second fraction should 
be mixed with the first fraction, or whether any of the first 
fraction should be removed before the mixing is carried out. If it 
is found that the contents of any of the carboys or drums contain 
oil, or an excess of water, then they should be rejected for re- 
working. It is often possible to use pyridine bases containing 
a fair quantity of water, as the greater part of the distillate is 
generally free from this substance. If a little oil be present 
it is generally quite safe to employ for mixing, but it must be 
used with caution. In the finished pyridine, according to most 
specifications, water should not exceed 7 per cent., and, when 
tested according to usual specifications, should show no signs 
of oil. The methods of testing pyridine bases, both crude and 
rectified, will be described in chapter xix. 

With reference to the bottoms, these are sometimes re- 
fractionated, and may yield 2 per cent, or 3 per cent, below 
140° C. This of course is useful for mixing purposes. The 
distillation may now be carried on up to a point where a sample 
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collected from the worm end and tested yields nothing at about 
180° C, and this distillate can be sold as heavy bases. Some- 
times the bottoms are sold under the same term without 
redistillation. 

With reference to cleaning the still, it is policy to carry out 
this operation after every second distillation when working 
dried, crude pyridine, and after every distillation when working 
bottoms or heavy bases. 

The following details referring to the yield of p5nidine 
bases from once distilled naphtha and once distilled benzol 
will no doubt be instructive. The figures are average ones 
only, and it must be remembered that distillates from different 
tars will give results higher or lower than them. 

Once distilled benzol, iioo gallons taken. 

One wash only. 

Pjrridine bases recovered : — ceS. 

8.27 gallons 90 per cent, at 140° C. pyridine bases =0.75 
0.63 gallons higher bases =0.057 

Once distilled naphtha, 1550 gallons taken. 

1st wash. 

29.7 gallons 90 per cent, at 140° C. pyridine bases. 
8.3 • „ higher bases. 
2nd wash. 
28.3 gallons 90 per cent, at 140° C. pyridine bases. 
8.9 „ higher bases. 
3rd wash. 

4.2 gallons 90 per cent, at 140° C. pyridine bases. 

1.3 „ higher bases. 

Total, cent. 

62.2 gallons 90 per cent, at 140° C. p5nidine bases =4.01 
18.5 „ higher bases. =1.19 

An average amount of crude pyridine obtained per ton of 
tar distilled is 0.247 gallons. 



CHAPTER XIV 

PLANT FOR THE MANUFACTURE OF CRUDE NAPHTHALENE AND 

ANTHRACENE 

Saltiag-oat tanks — recrystallismg tanks — hydranlic presses — centrifugal 
machine — anthracene oil still — crystallising tanks — hydraulic press — 
filter press — grinding machinery — washing tank. 

Crude naphthalene and anthracene are not prepared in all tar 
distilleries, and this remark applies espedaUy to the latter 
product. It is thought advisable, however, to deal with the 
subject briefly in this and the next chapter. Crude naphthalene 
is placed on the market chiefly in three quahties, viz. : drained, 
pressed, and ** whizzed " ; and the pieces of plant necessary for 
the production of these quahties are as follows : Salting-out tanks 
or boilers, recrystallising tanks, hydrauhc presses, centrifugal 
machines, together with the necessary steam piping, bags, 
staging, etc. 

The salting-out tanks or boilers may be of any convenient 
shape. Usually they are second-hand steam boilers with the 
tubes drawn and the ends blanked, or else second-hand egg- 
ended steam boilers. The size of these tanks or boilers varies 
generally between 4000 and 10,000 gallons. Each tank should 
be provided with a 2-inch inlet pipe ; one 2-inch outlet pipe 
with tap placed at the bottom for the purpose of draining, the 
outlet being closed inside by means of a lead-lined plug with 
a long handle, to prevent it getting salted up (this pipe may be 
connected to a pump if desired, or dse arranged to lead the liquid 
oil into storage tanks by force of gravity) ; a suitable closed 
steam coil, built up of li-inch steam-pipe ; a manhole of the 
usual size and provided with a loose cover ; and also a 2-inch 
outlet pipe and tap, which may be placed at the bottom of the 
tank for the removal of the melted salts. Some prefer to put 
in a by-pass on the draining pipe, and use this for the removal 
of the melted salts. Others prefer to insert through the top 
of the boiler a suction pipe reaching to the bottom for the same 
purpose. Neither of these plans is good. The outlet pipe for 
the melted salts is connected up to a steam pump, and a pipe 
line is arranged from the deKvery side of the pump, so that the 
liquid may be dehvered into the recrystalUsing tanks. Re- 
ducing T's should be placed on the suction and delivery mains, 
and connected up to a i-inch steam-pipe, so that steam may 
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be blown through the pipes after the pumping operation, in 
order to thoroughly clean them and prevent them becoming 
salted up or choked. The number of salting-out tanks or boilers 
required will vary of course according to the quantity of salty 
oil it is desired to deal with per day. 

Tanks for recrystallising the melted salts should be shallow. 
A general size is 8 feet wide, 14 feet long, and 2 feet deep. The 
tanks may be placed on the ground level, or, better, a foot or 
two above the same, as this will allow air to circulate round them. 
They are provided with one or more 2-inch outlet pipes and 
taps, by which to drain away the mother liquor or oil which 
separates into underground tanks or boilers. The outlet holes 
should be closed by means of lead-lined plugs, with a handle 
to facihtate their removal. These tanks must of course be under 
cover, and it is an advantage to arrange that the room in which 
they are placed can be suitably cooled, or else the tanks 
themselves may be artificially chilled during hot weather. 
It may be added that many works do not trouble about chilling 
at all, but recover just so much salts as will crystallise out at 
the temperature existing during the time of working. 

The salts from therecrystaUising tank are removed by manual 
labour, and either pressed in hydrauUc presses or dealt with 
in a centrifugal machine. Suitable types of hydrauUc press 
are shown in Figs. 64 and 65. The head, bottom, and table of 
these presses are of the best cast-iron, machined where necessary. 
Close-grained cast-iron is used for the ram, and it is polished the 
fuU length to fit the cylinder, which is constructed of best cast 
steel and suppHed with a steel gland. The columns are made 
of mild steel and fitted with steel nuts. Division plates of mild 
steel are supplied loose or as part of the press, as shown in Fig. 65. 
Centrifugal machines are specially made for this purpose by 
several firms, and an excellent type is illustrated in Fig. 66. 
This machine is electrically driven and suspended on three pillars 
so arranged that the vibration is absorbed and the necessity 
for a massive foundation done away with. It is self-contained, 
the electric motor being built on to the centre spindle. The 
electric motor is fitted with an automatic starting-gear, which 
makes the machine fool-proof, and the starting up quite auto- 
matic. An outlet is provided in the revolving basket through 
which the ** whizzed '* material can be discharged down the 
discharge shoot and on to a small truck or barrow, or into a sack 
placed underneath. Steam-driven machines are sometimes 
employed instead of electrically driven ones. It is of course 
necessary to provide an underground tank into which the oil 
pressed out during the application of hydrauUc pressure, or 
separated by centrifugal force in the ** whizzing " operation, 
can be run. 

M 
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The methods of working up crude anthracene vary : some 
prefer to redistil the green oil, others simply to allow it to cool 
and separate out the crude anthracene. If it is desired to 
distil the oil before treatment, then it is necessary to put in a 
still of wrought-iron or mild steel, somewhat similar to a tar 
still in shape, and provided with similar fittings, such as charge- 




Fig. 64. — Hydraulic Press. 



0. 65. — Hydraulic Press. 



pipe, outlet pipe, swan neck and stool, safety-valve, manhole 
and lid, etc. The still bottom should not be built with very 
much rise, the crown plate having a rise of between la inches 
and 18 inches. The concave portion of the bottom is connected 
to channel plates, as already described under tar stills, and 
the dome of the still should have a rise of between 12 inches 
and 14 inches, according to the size of the still. It is of course 
necessary to connect the still to a condenser coil, which latter 
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piece of apparatus will require the usual condenser tank, fitted 
in all respects as described under tar or light oil stills. The 
number of receivers will vary according to the desire to separate 
the distillate into one, two, or three fractions. Whether the 
green oil or anthracene oil is distilled or not, the remainder of 
the plant is practically the same. It consists chiefly of shallow, 
crystallising tanks, about the same size as those used for the 
recrystallisation of the naphthalene, a filter press or presses. 




washing tanks, one or more hydrauhc presses, and an edge 
runner or other suitable mill for grinding the washed and re- 
pressed anthracene. The crystallising tanks are fitted up with 
2-inch pipes and taps at the bottom for the purpose of draining. 
They should of course be under cover, and sometimes the chamber 
in which they are erected is artificially cooled during the summer 
months. As a matter of fact the arrangement of these tanks 
and their fittings is very similar to that already described under 
naphthalene recrystallising tanks. 

H it is desired to press the crude anthracene or crude 
naphthalene at an elevated temperature, then a horizontal 
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or vertical hydraulic hot press must be installed. In the 
best types of hot press each division plate is connected to 
a flexible steam-pipe and so constructed that steam may 
circulate in its interior. An excellent type of filter press is 
illustrated in Fig. 67. For deahng with anthracene tMs piece 
of apparatus is usually made with very deep chambers and of 
the flush plate and distance frame type. The plates may be 
either circular or square in shape, and are fitted with plain bib 
outlets for the filtrate. With reference to the feed inlet, this 
can be arranged (a) through a passage in one corner of each 




Fio. 67.— Filter Pnss. 



plate having a port to each distance frame, and (&) by a central 
hole through the plates. In order to secure the maximum 
amount of area of cloth available for effective filtration, careful 
attention must be given to the construction of the plates. The 
plates of the press illustrated have their faces studded with 
small, truncated, square pyramids ; and this in the writer's 
opinion forms the most efficient support for the filter cloths. 

With reference to grinding machinery, one of the many 
types of edge runner may be used, or a Carr's disintegrator, or 
other suitable type. 

Tanks for washing the anthracene'are constructed of wrought- 
iron or mild steel and provided with paddle or archimede^ 



PLANT FOR MANUFACTURE OF NAPHTHALENE i8i 

screw agitators. They may be erected in a vertical or horizontal 
position, and should in either case be covered in. The washer 
should be fitted with a closed steam coil in order to warm up 
the charge, a charge-pipe for introducing the washing material, 
a manhole about i8 inches by 12 inches, through which the 
pressed anthracene may be dropped, and an outlet pipe to remove 
the contents after washing to the filter press. 



CHAPTER XV 



THE MANUFACTURE OF CRUDE NAPHTHALENE AND ANTHRACENE 



Chemical and physical properties of naphthalene and anthracene — salting- 
out the oils — recrystallising the naphthalene salts — ** drained " 
naphthalene — " whizzed " naphthalene — " pressed " naphthalene — 
distillation of anthracene oil — ^"salting-out" the oil — ^filtering the 
salted-out" oil — pressing and washing crude anthracene. 
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Naphthalene, C^oHg, occurs in the form of white monodinic 
crystals possessing a peculiar tar-Uke odour. Its specific gravity 
at 15° C. is 1.1517 and at 100° C. 0.9628. Naphthalene melts 
at 80° C. (corr.) and boils at 218.21° C. (corr.). In cold water 
it is quite insoluble, but it is very shghtly soluble in hot water. 
It is dissolved by ether, alcohol, chloroform, car5on disulphide, 
acetic acid and the essential oils. Toluene and benzene also 
dissolve naphthalene. At 15° C. 100 c.c. of alcohol dissolve 
5.29 parts of naphthalene and at 16.5° C. 31.94 parts are dis- 
solved by 100 pars of toluene. It is represented by the following 
constitutional formula : — 




CH 



CH 



CH 



CH 



Naphthalene is a very stable substance and is converted into 
simpler substances with great difficulty. If it is boiled with 
dilute chromic or nitric acid it is slowly oxidised into ortho- 
phthalic acid : — 
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It is readily acted upon by concentrated nitric acid, fonning 
nitre derivatives, the reaction being facilitated by the presence 
of concentrated sulphuric acid. If it is heated with concentrated 
sulphuric acid naphthalene is readily sulphonated, fonning 
naphthalene sulphonic acids. 

On adding a cold alcoholic solution of picric acid to a cold 
alcohoUc solution of naphthalene a yellow crystalline precipitate 
of naphthalene picrate, CioH8.C8H2(N02)3.0H, is formed which 
melts at 149° C. 

Anthracene, C^H^ : (CH)2 : C^H^, in the pure state occurs in 
the form of small white ghstening plates with a violet fluorescence. 
It has a specific gravity of 1.147, melts at 216.5° C. (corr.), and 
boils at 351° C. (corr). In water it is insoluble, but is dissolved 
by alcohol, ether, benzene, carbon disulphide and many other 
organic solvents. At 15° C. 100 parts of alcohol dissolve 0.59 
part of anthracene. In ether it is rather more soluble, 100 parts 
dissolving 1.17 parts at 15° C. 

The constitutional formula of anthracene is written thus : — 
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If anthracene is exposed to light it is transformed into 
dianthracene, which in the [dark ^becomes depolymerised to 
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anthracene. This is one of the rare instances of a 'reversible 
photochemical reaction. 

light 

dark 

It is not possible to nitrate anthracene, and when it is acted 
upon by nitric acid (and also chromic acid) it is oxidised to anthro- 

quinone C«H4<Cr ^^^4, which melts at 277° C. 

^-co-^^ 

When saturated alcohohc solutions of anthracene and 
picric acid are mixed, ruby-red needles of ajithracene picrate, 
Ci4Hip,C6H2(N02)3.0H, cire precipitated. These crystals melt 
at 138° C. 

In the manufacture of crude naphthalene, washed light 
creosote, and also the bottoms from the benzol, naphtha and 
hght oil stills are employed. It is necessary to see that the 
distillates, such as hght creosote, are quite free from tarry matter 
if they are intended for this purpose. These oils are pumped 
into the crystallising boilers and allowed to remain for several 
days in order to crystaUise out the naphthalene or '' salts." 
The period of time which the contents of these boilers are allowed 
to rest will vary according to the time of the year and average out 
between three to five days. When the ' ' salting-out ' ' is completed, 
the oil which has separated is drained away through the drain- 
pipes into storage tanks. This oil is tested for its specific gravity, 
and if found to be low, is mixed with hquid heavier creosotes, 
or strained green oil, and placed upon the market as hquid 
creosote. The crude naphthalene remaining in the boilers is 
melted up by the aid of closed steam, and when the whole of it 
is in the Hquid state, and at a temperature well above the cry- 
stallising point, it is pumped from the boilers into the recrys- 
taUising tanks. Immediately the pumping operation is finished, 
steaju should be blown through the suction and dehvery mains, 
in order to clear them of any hquid salts which may remain 
and which will, if not removed, soUdify in the pipes and cause 
no end of trouble. 

The Hquid crude naphthalene in the recrystalHsing tanks is 
aUowed to cool down and recrystalHse out from the oil which has 
been carried over from the ** salting-out '* boilers. After a 
period, varying from two to four days, the drain taps are opened 
to aUow any oil which has separated to run off. This oil is 
removed to storage boilers or tanks, and aUowed to rest for 
several days, after which it is mixed with other Hquid creosote 
oils and disposed of as Hquid creosote. It may be added that any 
" salts " which is deposited in these boilers is melted up from 
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time to time and pumped into the reciystallising tanks. After 
the crude naphthalene has thoroughly drained it may be placed 
into barrels or other suitable packages and disposed of as drained 
naphthalene. 

If, however, it is desired to prepare from the drained naphtha- 
lene a quaUty known as " whizzed " naphthalene, it is removed 
from the recrystallizing tanks and charged into centrifugal 
machines. Care must be taken to level the *' salts " in the 
cage of the machine, otherwise there is a great risk of wobbUng, 
which may lead to an accident when the machine is set in motion. 
The cage should not be overcharged, and should not be started 
up too suddenly. With a good centrifugal, it is possible to 
'* whiz " four to six charges per hour, the size of the charge of 
course varying according to the dimensions of the centrifugal. 
Should the centrifugal be self-discharging, then the " whizzed " 
crude naphthalene may be released from the bottom into a 
special receiving pan, or direct into sacks. The oil as it flows 
from the machine is conducted into the hquid creosote storage 
tanks or boilers. 

Pressed naphthalene is prepared by taking the recrystallised 
crude from the recrystaUising tanks and placing them into 
press bags. These bags are made of various materials, some- 
times even ordinary sacking being used. The size of a bag when 
filled will vary according to the dimensions of the press, but 
an average may be taken as 9 inches wide, 18 inches long, and 
3 inches thick. Care must be taken to keep the thickness of 
the filled bags as even as possible, otherwise there is a risk of 
rupturing the press table during the process of pressing. When 
charging, the press table is run down to the floor of the press. 
It is then covered with bags, arranged so that there is a space 
of about 2 inches between each. When the table is full, a 
wrought-iron plate about J inch thick is placed upon the top 
of them, and this is covered with bags in a similar manner to 
the table. This operation is carried out until the press is 
charged. It is important that care be taken to arrange the 
plates and the bags on them so that they just cover one another, 
and do not project on any side. Any unevenness vertically 
will produce what is known as " shunting," i.e., the middle will 
bulge out on one side or the other. This will not only produce 
some half-pressed material, but there is a very great risk of the 
press table fracturing. In some types of hydraulic press the 
plates are suspended from the press-head by steel Unks, and 
when the press is run down this results in the plates being of 
sufficient distance apart to charge with filled bags. If a press 
of this kind is used, it is necessary to place the bags on each 
plate so that they cover those on the plate immediately 
underneath* 
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When the operation of charging is completed, hydratiKc 
pressure is appUed, and the press gently run up. The pressure 
is then slowly increased until it indicates between i^ to 2 tons 
to the square inch. After an interval of about one hour, the 
hydrauUc pressure is released and the press discharged. On 
opening the bags and removing the pressed cakes, should any 
wet edges be noticed, these are cut off and re-pressed Yrith another 
batch. The cakes of pressed naphthalene are now charged into 
a disentegrating machine, and when thoroughly broken up, 
placed into packages for dispatch. 

A far better quaUty of pressed crude naphthalene is obtained 
by uang a steam-heated hydrualic press and carrying out the 
|RTx:ess known as " hot pressing." A naphthalene which has 
been properly hot pressed will give very httle troulde in the 
refining process and wiU yield an excellent finished product. 
It is very necessary to pay attention to the regulation of the 
temperature employed for pressing. Within limits the higher 
this temperature the better the r^ult, as more foreign matter 
is removed, but it must not be forgotten that the presence of 
c»I in the unpressed naphthalene lowers the mehing point and 
if the naphthalene has not been carefully centrifagaDed to 
remove the maximum amount of ofl and a U^ temperature 
is emi^yed during the ]Nressing, then an excessive quantity of 
naphthakne will come away with the press draimqgs. It is 
advisaMe to let the works chonist detennine the best tempearature 
at which to press any individual working of naphthalene. 

In the preparation of crude anthracene, if it is desired to 
redistil the anthracene oO as obtained <£rect from coat tar, then 
a' qoiUKtity of this is chaiged into a still and tlK ItJLtiuii 'vdiicfa 
ccrifs o^yper b e tww^u the point at which the iliiilliu tKts 14^ 
Ttt. at oo"" Fahr. and that at which it tests 26^Tw.al 6o^fialir.. 
or whexi it shows what is tenxted ^^ gcease/" ccZjected ioc this 
ptzrpcse. These figures are only ^proxrrsiSte, azxi have to 
be vTined accocdizg^ to the nature ot the cci 
It is nrher di±CTL^T to earfafn w!:at ^ 
X^e :ri?cil!er bv exr^eri-eco?. 2? e!:iiKed to t^ frc 
xiioj cc the ±i?CL^iTe. if i ?t->>.!T rvrdcc S> riic^w* tr ccci on 
ro*c:* vTC rrrc :r ^1ls> Trj.:e. wbes. iribricefstf ircrrsEzsatrfy 
OriS5> ind i::<ler sclii rcc^-es aLTW.tr. Tbe rracDc* of an- 
c "~iO:oe vx tbe cil :s^ 4?f'ZJ^riIIy <icw:r by jl crrir or gritty 

'•^v^^ Vx-?^ i.-».i TX-v j;..V<»v*i r.^ c*.x^w ^r cc5nr r^ s^«tr£i« cut 
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into the crystallising tanks, and is submitted to the same process 
as the redistilled " green oil " fraction. The length of time 
which the contents of the crystaUising tanks have to rest in 
order to complete crystallisation will vary according to the 
time of the year, unless the chamber or the tanks are artificially 
cooled. From two to five days may be taken as averages 
throughout the year. 

After the separation of the crude anthracene has taken place, 

the contents of the tanks are pumped through filter presses, or 

else into bag filters, which are prepared by tying special bagging 

over flanges fitted into the pumping main, and then fastening 

up the bottoms with cord, the lot being suspended over a tank 

to catch the drainings ; or else into an ordinary filter tank 

across which is suspended a filter bed made of fUter cloth or 

bagging, and supported by wicker or basket ware. At the 

present day the fUter press is generally used, as it deals with 

the material most expeditiously. In pumping through a filter 

press, the pressure must be raised gradually and kept as long 

as possible at a low point. When the press is full and oil ceases 

to run from the press plates the press is opened and the cakes 

of filtered anthracene are removed. The filtrate, whichever 

way obtained, is known, in the trade as strained or dead oil. 

The cakes from the filter-press may be submitted to pressure 

in a hydraulic press, and then ground up and washed, or else 

washed first, and after a further filtering pressed by hydraulic 

pressure, according to the quality of crude anthracene it is 

desired to produce. If it is required to press first, the cakes are 

broken up and charged into bags and then into the press, and 

then submitted to hydrauHc pressure in a similar manner to 

that described under naphthalene. Sometimes the crude 

anthracene from the filter is passed through a centrifugal machine 

before submitting to hydrauHc pressure. The filtered material 

is filled into bags and these are packed into the cage of the 

centrifugal, or if a suitable gauze is fitted to the cage, the crude 

anthracene may be charged into it direct. Often hydrauHc 

pressure is appHed at an elevated temperature. This is carried 

out by employing a steam-heated hydrauHc press. 

After the pressing operation is completed, the cakes are 
removed from the bags, ground up under an edge-runner or in a 
disintegrator, charged into the washer and washed with " salted 
out " (Uquid) Hght creosote or a moderately heavy naphtha free 
from naphthalene. The quantity of Hquid used to wash say one 
ton of pressed anthracene is about 500 to 600 gaUons. When 
the washer is charged, the contents are heated up by the aid of 
closed steam and thoroughly well agitated. While washing a 
temperature of about 80° C. is maintained. The period of agita- 
tion varies according to individual ideas, but averages about 
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three hours. After the washing operation, the contents of the 
washer are allowed to cool down to about 20® C. and then 
pumped through a filter press, the press cakes removed, and either 
hydrauUcally pressed, ground up, and spread out to dry in a 
drying room, or else roughly broken up as removed from the 
filter press and dried. The more complete the separation of the 
washing liquid from the crude anthracene, the purer the product ; 
so if circumstances allow, it is far better to hydrauHcsJly press 
after the filter pressing operation than to diy after removing 
from the filter press. A point worth bearing in mind is that the 
same kind of oil should be used for the washing of all batches 
of anthracene, should it be desired to produce the same quality 
of this material. 



CHAPTER XVI 



PITCH AND PITCH *' GETTING '* 



Soft pitch — medium hard and hard pitch — depth to run pitch in bay — 
cooling of pitch — ^protection of pitch-getter's eyes — " getting " or 
digging pitch — ^tools — cost of gettmg pitch — ^pitch cancer. 

There are three chief grades of pitch, viz. : soft, medium and 
hard. These grades are distinguished from one another by 
what is known as their ** twisting " or softening point. This 
point will vary somewhat according to the method used to 
obtain it : for soft pitch the average is about iio° Fahr., for 
medium pitch 140° Fahr., and for hard pitch 210° Fahr. At 
the present day a very large amount of pitch is purchased on 
the amount of volatile matter which it contains. The methods 
of conducting these tests are fully described in chapter xix. 

With reference to soft pitch, this is not made in very large 
quantities, and when it is, it is generally filled into barrels, when 
sufficiently cool, instead of running on to a bay. It is a matter 
of impossibility to dig or '' get '* this pitch during the summer 
months. By far the largest quantity of pitch made is of the 
medium hard quality, and this, or the grade known as hard 
pitch, is run from the pitch coolers on to the bay, which is pre- 
pared as described in chapter vi, page 78. It is advisable 
not to run the pitch to too great a depth, the best thickness 
being between 15 inches to 18 inches. This depth of pitch wiU 
cool rapidly and is dug with a minimum of labour by the 
pitch-getters. With reference to the length of time that the 
pitch must remain on the bay before it can be " got," this will 
vary, naturally, according to the temperature of the atmosphere 
and the situation of the pitch bay. Under favourable conditions 
24 to 36 hours is all that is necessary, but there are times when 
two or four days must elapse before pitch can be worked. 

During the summer months it is advisable to get the pitch 
at night, or in the early hours of the morning, rather than 
during the hottest part of the day ; and in order to keep the 
pitch cool, espedaUy that portion which cannot be worked 
immediately, the surface should be covered with a thin layer of 
lime wash. This will prevent the absorption of the sun's rays 
during the daytime. If it is necessary for the men to work 
pitch which has been lime-washed on the surface, during the 

1B9 



190 COAL TAR DISTILLATION 

da5rtime, especially while the sun is shining upon it, the portion 
on which they are working should be washed with water and 
a hard brush to remove the lime-wash, as otherwise the glare 
will injure the men's eyes. 

It is a general practice among pitch-getters, in order to pro- 
tect the eyes, to wear a piece of black crepe over them. This is 
not an efficient method of protecting these organs, as sometimes 
rather large particles of pitch will fly up from the bed, and will 
easily damage the eye in spite of the crepe. Goggles made of fine 
copper wire gauze of between 30 to 40 meshes to the inch are 
much more suitable for this purpose, as the gauze will offer a 
considerable amount of resistance to fl5dng pieces of pitch. It 
should be added that the workmen do not care about wearing 
goggles, and in many cases will not even wear crepe. However, 
the management should insist upon this means of protection 
as a precaution against claims under the Workmen's Com- 
pensation Act. A good plan in order to prevent excessive 
rising of dust is to wet the pitch at the point where it is being 
dug, and often the workmen will carry this precaution out 
without being told. 

Pitch is " got " by driving metal wedges into the layer on 
the bay with sledge-hammers weighing about 10 to 14 lbs. This 
breaks off large pieces, which are further broken down by the 
aid of pickaxes. The pitch is then shovelled into barrows or 
iron skips, according to the situation of the bed or the manner 
adopted by the management for loading trucks or carts. Some- 
times the pitch bay is so situated that carts can be backed into 
it, and loaded direct by throwing the pitch into them with a 
shovel. If the bay is below the ground level, then it is necessary 
either to wheel the pitch in barrows up barrow-runs, or else to 
raise it skips in by means of a crane. Should the pitch bay 
be above the level of the railway trucks, then it is quite a simple 
matter to wheel the pitch in barrows from the point where it 
is being " got " and tip it into the trucks at the end of the run. 

With reference to wedges, these must be made of good steel, 
about 2 feet 6 inches long and ij inches by ij inches in section ; 
" set temper " steel is a very suitable grade to" use. New wedges 
should be tough but not brittle, as the tendency seems to be for 
the steel to become very brittle in time, owing to repeated 
hammering and to the presence of fine pitch dust, which settles 
upon the head of the wedge. Brittle wedges are dangerous, as 
particles fly off and often cause accidents by cutting the 
" getter " about the body. The same remark applies to the 
hammers. Sledge-hammers having two faces are the best type 
to use, and the average workman prefers one of abput 10 lbs. 
in weight. 

The cost of *' getting" pitch and loading it into wagons 
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will vaxy somewhat for each works, according to the position 
of the pitch bay, the thickness of the pitch on the bay, the time 
of the year, and so on. Under normal conditions in a properly 
arranged and well managed works it will vary between 6d. and 
7|d. per ton, including repairs. The average cost of repairs 
should work out at Jd. per ton. 

For many years it has been known that certain men engaged 
in the handling of pitch (and also anthracene) develop warty 
growths. These growths often ulcerate, and at times render it 
necessary to remove, by surgical treatment, the affected part. 
A year or two back a special inquiry was made at the instigation 
of the Home Office into this question, and it was discovered that 
these ulcerated warty growths occasionally become the seat of 
what is termed by medical men epitheliomatous cancer. This 
form of cancer is considered to be the least malignant, and if 
removed is not usually followed by a recurrence. Draft regula- 
tions were drawn up, and in the course of time objections were 
raised against these. Among the draft regulations, it was 
suggested that bathing and washing on the factory premises 
should be carried out. It was required that the workman 
should take a bath at the works at least every alternate weekday, 
and wash before leaving the works for meals, or at the end of 
the day, when a bath is not taken. One of the chief objections 
raised against these regulations was that of washing and bathing, 
the workmen stating that the appUcation of water to the skin 
after pitch-getting caused them a considerable amount of 
pain. Owing to this and other objections a Home Office inquiry 
was made to consider the same, and an interesting pamphlet 
was pubUshed deaUng with the results of the inquiry.^ 

It appears that pitch dust also causes severe inflammation 
of the conjunctival membrane and cornea of the eye, and in. 
some cases may result in the formation of epithelimatous 
cancer on these membranes. In any case there is great danger 
of septic inflammation being set up, owing to bacteria getting 
into the ulceration, and the possible chance of the loss of sight. 
The wearing of goggles or crepe will not prevent the fine pitch 
dust from getting into the eyes, and on this account it is advisable 
to wet the pitch somewhat at the point of working, as already 
stated, in order to prevent as far as possible the rising of dust 
during the *' getting " operation. 

The pamphlet just mentioned does not state what is the 
actual cause of the irritation, although it seems to f>oint to 
the fact that the cause is two or more of several chemical sub- 
stances contained in the pitch (or crude anthracene). These 
substances are divided into two groups : the auxetics (excitors 

* The Problem of the Gas Works Pitch Industries and Cancer. John 
Murray, Albemarle Street, London, W.i. Price 6d. 
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of reproduction) which stimulate cell multiplication and kinetics 
(or augmentors) which increase the action of the auxetics. 
It appears that pitch cancer cannot be produced unless an auxetic 
and a kinetic are present. The auxetics appear to be bodies 
akin to the amido acids or their derivatives and the amines, and 
the kinetics substances of the ptomaine class, such as cadaverine 
and choline. 

The writer made some experiments a while ago and was able 
to isolate small quantities of acridene from coal tar pitch, and, 
on making a few experiments with this material, found that it 
set up considerable irritation, particularly when appKed to mucus 
membrane and especially when wetted. Possibly acridene is 
one of the hurtful substances of the auxetic t5^e, but it rests 
with the medical men carrying out the inquiry to settle such a 
matter as this. 

Several methods have been suggested for the removal from 
coal tar of the substances which induce cancer, and among them 
are those of H. W. Robinson and H. C. Ross. 

Robinson's methods are briefly as follows : British Pats. 
4159 and 10156, Feb. 8th and April 30th, 1913. The addition 
of small quantities of formaldehyde or other aldehyde to coal 
tar at a suitable stage in the distillation process results in a 
pitch entirely or almost free from auxetics and, thereifore, 
harmless as regards liability to induce pitch cancer. Sugar or 
other substance which decomposes at a temperature below 
250° C. with the formation of an aldehyde may be used. If 
formaldehyde is used it is added along with the steam after 
removing from the tar all the fractions which come over before 
anthracene oil. The quantity reconunended is ij gallons 
of 40 per cent, formaldehyde for each 2000 gallons of tar. 

Robinson : British Pat. 20767, Sep. 15th, 1913. Tar is treated 
for 60 to 90 nunutes with ozonised air applied at a pressure 
of 20 to 30 lbs. per square inch. 

Ross suggests the following : British Pat. 11984, Mar. 22, 
1913. The auxetics in tar are removed by bringing the tar into 
intimate contact and spraying it with hot water or hot dilute 
acid. The mixture is projected on to a plate or plates to bring 
about a finely divided state, after which it is allowed to stand 
to separate the aqueous liquid or is treated by any other suitable 
process to attain this end. If hot water at a temperature 
between 100° to 212° Fahr. is employed then a volume twice that 
of the tar is taken, and if dilute acid is used, a volimxe one-half 
that of the tar will suffice. Sulphuric or hydrochloric acid of 5 
per cent, strength is recommended. 



^ 



CHAPTER XVII 



CREOSOTE 



Variation in specific gravity, distilling range, etc. — Wells' oil — ^fuel oil — 
sheep dip creosote — creosote for the manufacture of greases — creosote 
for the manufacture of black varnish — creosote for timber preserva- 
tion — ^requirements of several specifications — creosote for the benzol 
recovery process — storage of creosote — volatility of creosote. 

The term creosote is used very broadly in the commercial 
world, and under it are often included oil-gas tar creosote, wood- 
tar creosote, coke-oven creosote, blast-furnace oil creosote, and 
several others. In this chapter it is intended to deal with coal 
tar creosote only. 

Coal tar creosote as put on the market varies within fairly 
wide limits as regards specific gravity, content of phenols and 
naphthalene and distilling range. The gravity may vary be- 
tween i.ooo and 1.070. Occasionally samples are met with a 
little lower in gravity, and sometimes higher. With reference 
to the percentage of tar acids, creosotes are sold containing but a 
mere trace up to about 25 per cent., and vdih regard to the per- 
centage of. naphthalene, this varies very considerably, some 
creosotes containing 30 per cent, and even more, others but mere 
traces. Some idea of the variation in distilhng range will be 
obtained by referring to Table XX. 





TABLE XX 




From drop to 200" C. 


From drop to 250" C. 


From drop to 300* C. 


Residue. 


Percent. 

to 16 


Per cent. 

25 to 75 


Per cent. 

63 to 85 


Percent. 

5 to 35 



Creosotes as obtained direct from coal tar by distillation 
differ somewhat according to the quality of the tar, and more 
often than not are put through a special treatment, i.e., removing 
a certain portion of the tar acids or naphthalene or submitting 
to a redistillation, before placing on the market. More fre- 
quently, owing to the fact that most buyers require creosote to 
answer their own specification, blends of various grades have 
to be made. A creosote required for burning, say, in a Wells 
lamp must be quite free from dirt and naphthalene. As a 
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matter of fact it should not deposit *' salts *' (or naphthalene) 
at a temperature of 40° Fahr. after exposure to that temperature 
for six hours. The average specific gravity for creosote for 
this purpose is 1.050-1.060 at 60° Fahr., and it should not contain 
more than 2 per cent, of water when tested by distillation. 

Creosote oil if properly prepared makes a fairly good fuel 
oil when compared with petroleum fuel oils such as American 
residuum, Russian ostatki, and shale oil. Much care must, 
however, be employed in the preparation, otherwise troubles 
will result when it comes to be burned. It is necessary to use a 
heavy creosote or, better still, an anthracene oil for fuel piu-poses, 
and it must be free from any kind of solid matter, such as that 
of an earthy, carbonaceous or fibrous nature, and also from 
naphthalene or anthracene salts. All these bodies will choke 
the orifices of the nozzles of the burners, and naphthalene or 
anthracene salts will also choke up the supply pipes in the cold 
weather. It has also been found that these " salts '' form 
a crust round the mouths of the burners. Fuel oil must not 
deposit any naphthalene or anthracene salts when cooled to 
0° C. and kept at that temperature for 24 hours. It must be 
quite free from water, as the presence of this material will prob- 
ably cause the flame to go out, and if this is not noticed a 
disastrous explosion may take place in the furnace, owing to 
the oil spray and air forming an explosive mixture. Not more 
than 0.5 per cent, of water, determined by distillation, should 
be allowed. The flash point must not be low, the minimum 
being 150° C. AbeFs close test. Creosote will, if properl}'' pre- 
pared, test above 210° C. Abel's close test. Creosote fuel oil, 
if burned with care in regard to air supply, will give excellent 
results and smoke troubles need not be feared. The calorific 
power of this type of fuel oil varies more or less between 16,200 
and 17,500 British thermal units per lb. For purposes of com- 
parison the figures given in Table XXI will prove of use. 

TABLE XXI 









Calorific value by 
bomb. 


Actual 
Evapora-" 






Specific 
Gravity. 


Flash 


tive Power 




Kind of Fuel Oil. 


Point 


per lb. 


in Practice 
from and 














at 212* F. 








218 


Calories. 


B.Th.U. 


lbs. 
12.0 




Heavy tar oil 


1.084 


8,916 


16,050 




Blast-furnace oil 


0.979 


206 


8,933 


16,080 


12.0 


< 


American residuum 


0.886 


350 


10,904 


19,627 


15.0 




Russian ostatki 


0.956 


308 


10,800 


19,440 


14.8 




Shale oil 


0.875 


288 


10,120 


18,217 


13.8 
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Creosote oils intended for the manufacture of sheep dips 
and disinfectant fluids must be specially prepared if the best 
results are desired. One of the chief points to bear in mind is 
the removal of naphthalene *' salts." The presence of this 
substance has a very deleterious effect on the emulsif5dng 
power of the finished dip or disinfectant. It is one of the 
causes of *' falling heavy/' i,e., on addition to water, falling 
through the water to the bottom of the vessel instead of spread- 
ing in the form of white clouds. Naphthalene '* salts " should 
be separated very carefully by allowing the creosote to stand a 
considerable time during the cold weather or, far better still, by 
refrigeration. Some of the creosote oils obtained from the 
naphthalene plant prove useful in this respect. 

All creosotes intended for the purpose now under con- 
sideration must contain a certain percentage of tar acids, this 
varying according to the requirements of the buyer. Sortie 
buyers require 3 per cent., others 5, 10, 15, 20 per cent, or more. 
It should be mentioned that redistilled creosote is the most 
suitable for sheep dip and disinfectant manufacture. Another 
matter for consideration is the specific gravity of the creosote. 
The best results are obtained, as a general rule, if the oils are 
of a specific gravity approaching that of water. This means 
that the lighter the specific gravity of the creosote the better 
the emulsifying power of the fluid, other things being equal. 
Naturally, it is not always possible to obtain a coal tar creosote 
of a specific gravity of i.ooo and in any case never in large 
quantities, but it is possible to make a blend of a creosote, say, 
of specific gravity 1.055 or even of a higher or lower gravity 
with a fairly high distilling petroleum, say, of a specific gravity 
between 0.800 and 0.820. The specific gravity of the finished 
disinfectant fluid or sheep dip will, of course, be greater than 
that of water, but it must be remembered that the soap used 
in the preparation ** dissolves '* in the water, to which the fluid 
is added prior to being used, while the oils do not. The function 
of the soap in the fluid is to form a colloidal solution with water 
which will emulsify the oily portion of the disinfectant and keep 
it suspended in a very finely divided state. Other things being 
equal the finer the state of the emulsion the more efiicient 
is the action of the disinfectant fluid. 

In the manufacture of the cheaper fluids rosin soap is used 
alone but in the higher quality disinfectants a mixture of rosin 
soap with a vegetable oil soap, or a vegetable oil soap alone, is 
employed. The chief vegetable oils employed are castor oil and 
linseed oil, or their fatty acids. It must be remembered that 
excess of caustic alkah( caustic soda or potash) is to be avoided ; 
it spoils the '* falHng ** and emulsifying properties of the fluid 
and reduces the activity of the disinfectant by combining with 
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the tar acids or phenols. In making a fluid the wisest plan is 
to let the works chemist calculate approximately the amount 
of caustic lye required for each pan charge and to employ 
a man to manufacture the fluid who possesses some knowledge 
of soap making. 

There are numerous formulae used for the manufacture 
of disinfectant fluids, each manufacturer using those which 
best fit in with his ideas or those of his customers. As a guide 
to the student, however, the following particulars may be 
useful. 

Disinfectant fluid. 

Percent. 

Rosin ........ 26 

light creosote, sp. gr. 1.025, approx. 18** ^ tar acids 61 

Petroleum, sp. gr. 0.815 .... 3 

Caustic soda ...... 2.5 

Water 7.5 

With reference to the various high coefficient disinfectant 
fluids now on the market, these are generally made in works other 
than tar distilleries, and contain as their chief ingredients blast- 
furnace oQ tar adds specially distilled and blast-furnace creosote. 

Sometimes creosote is used in the manufacture of cheap 
lubricating greases for coUiery trucks and bogies. The oil for 
this purpose must be of the heavy t\i)e, and the one most fre- 
quently used is that known as strained oQ or " dead " oil. This 
oil has been referred to already in Chapter XV, page 187, and is 
obtained during the manufacture of crude anthracene. The 
specific gravity varies somewhat ; an oil testing 1.060 at 60° 
Fahr. is frequently used. These greases are prepared by adding 
rosin oil and slaked lime to the green oil. Usually the com- 
position varies between 86 to 88 per cent, of heavy oil, 4 to 7 
per cent, of rosin oil, and 4 J to 6 J per cent, of slaked lime, the re- 
mainder being water. In the brick industry creosote sometimes 
finds application under the name of brick oQ. For this purpose 
it should possess a specific gravity between 1.060 and 1.070 
and be quite free from " salts." 

A suitable creosote for the manufacture of black varnish 
(usually a mixture of coal tar pitch, creosote and heavy naphtha, 
or of coal tar pitch, water gas pitch, creosote and heavy naphtha) 
must be free from an excess of naphthalene or anthracene salts, 
contain not more than 2 per cent, of water determined by dis- 
tillation, and of a specific gravity between 1.050 and 1.065. 
A usual plan is to employ the higher gravity (5ls for slow dr5ang 
black varnishes in which more flexibility in the film of dried 
varnish is desired, using perhaps a good proportion of water 
gas pitch in the composition. In the writer's experience, 
however, it has been found that all films made of the pitches 
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and bitumens (whether heavy creosote or light creosote has 
been used) become very brittle in a short space of time, particu- 
larly those films made from a varnish in which water gas pitch 
has been used. This result is due not only to the original some- 
what brittle nature of the pitch or bitumen, but also to the action 
of sunlight and diffused light, which seems to bring about changes 
in the nature of the material, probably by auto-oxidation. 

As a wood preservative creosote oil is, without doubt, the 
finest material extant, and more of it is used for the preservation 
of railway sleepers and other timber in connection with railway 
work, and also timber used in telegraph installations, than in 
any other direction. It may be added here that the United 
States of America are the largest consumers of this material, 
using upwards of 108,000,000 gallons per annum. Large 
quantities are, of course, suppHed to the British and Continental 
railway companies by manufacturers in this country, in addition 
to exporting very considerable quantities to the States. All 
this creosote is sold according to specification, each buyer having 
his own. This will of course necessitate in many cases careful 
mixing of several grades of oil, and even the removal of a certain 
amount of tar acids and sometimes the whole of the naphthalene. 
In other cases it is often necessary to add naphthalene before 
the creosote will answer the requirements of a certain specifi- 
cation. In order to give some idea of the various requirements 
of specifications, several are given in Table XXII, and three other 
specifications for creosote such as used on some American 
railroads are given in Table XXIII. 

It is not convenient to discuss here whether a creosote con- 
taining a high percentage of naphthalene and tar acids or one 
containing a small quantity of tar acids and no naphthalene will 
give the best results as a wood preservative. According to 
many investigators excellent results have been obtained with 
both kinds, and at present the matter will have to be left at that 
so far as this book is concerned. Tests to prove the efficiency 
of a creosote for railway work take a number of years, and weather 
and soil conditions, etc., will influence the results in a variety 
of ways. 

In the important process of stripping gas of its benzol, 
creosote has found a use, and it is probable that as time goes on 
the quantity required for this purpose will increase. The 
quality of the creosote destined for this purpose must receive 
careful consideration, especially in connection with the content 
of water and salts. Not more than traces of water should be 
allowed, and if the best results are desired there should be an 
entire freedom from naphthalene or anthracene salts. In regard 
to the specific gravity, this varies according to conditions laid 
down by different users, the variations being between i.oi and 
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1.050. The distilling range varies for a similar reason. Sonae 
users prefer a creosote of a specific gravity between i.oi and 1.02, 



TABLE XXII 



a 



e 
f 



g 



specific 
Gravity. 



Water. Phenols, 



1. 050-1. 060 3 per 10 per 

a-t 15.5° C. cent. cent. 

1.040 at 2 per 8 per 

27° C. cent. cent. 



1. 040-1. 050 3 per 
at 15.5° C. cent. 



4-12 

per 

cent. 



1.090 at 2 per Not 
20° C. cent, stated 

1.030 at 3 per Do. 

15.5° C. cent. 
Not stated 3 per Do. 
cent. , 



1. 000-1.030 i 2 per ] 18 per 
at 15.5° C. I cent. cent, 
i min. 



Naphthalene. 



To be 
liquid at 



38° C. 
Not stated 32° C. 



30 per cent, 
at 15.5° C. 



Not less ' Not 
than 20 stated 
per cent. at 
15 5° C. 

Not stated ! 25° C 



Do. 
Do. 



Nil 



32° C. 

15.5^ 
C. 



o°C. 



Distillation. 



Appar- 
atus. 



Residue above 

315° C. 25 

per cent. 
Below 315° C. 

Not more 

than 75 per 

cent. 
Not stated 



Below 315° C. 

Not more than 

60 per cent. 
Above 260° C. 

25 per cent. 
No distillate 

below 200° C. 

Not more than 

70 per cent. 

at 280° C. 
Not less than 

50 per cent. 

at 265° C. 
Not less than 

80 per cent. 

at 315° C. 



Retort 



Wurtz 
flask 



Not 
stated 

Do. 

Do. 



Do. 



TABLE XXIII 







■ 




Distillation. 




Grade. 


Sp. gr. at 
38" C. 


Liquid 
at 


At 
200* C. 


210" C. 


ass** C. 

* 

Not over 


sss** C 


Water. 


No. I 


At least 


38° c. 


None 


Not over 


Above, if 


Not over 




1.03 




below 


5% below 


25% below 


exceeding 
5% must be 
soft. 


3% 


No. 2 


Do. 


38° c. 


Do. 


1 
Not over I Not over 
8% below 35% below 


Do. 


3% 


No. 3 


Do. 


38° C. 


Do. 


Not over ! Not over 


Do. 


3% 










lo^obelow , 40% below 

1 




1 
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which, when submitted to a distillation in a retort 5delds 85 
to 90 per cent, under 300° C. Others one of a specific gravity 
of about 1.035, arid which will not begin to distil below 200° C. 
and yields 70 per cent, between this point and 280° C, when 
distilled in a retort. P. D. Walmsley and H. A. Morfey ^ give 
the following as a representative test of a suitable creosote for 
benzol recovery purposes. 

Distillation portion of test carried out in a retort with the 
bidb of the thermometer immersed in the creosote. 

Specific gravity .... 1.035 

Dropping point .... 210° to 220° C. 

50 per cent, distils over at . . 250° C. 

80 „ „ „ . . 300° C. 

Water content .... traces. 

On cooling the distillate obtained up to 300° C. to 45° Fahr., 
and maintaining this temperature for thirty minutes, the sohd 
naphthalene settling out, on being filtered and pressed, should 
not amount to more than 7 per cent. 

Dr Colman*s specification of a creosote oil suitable for the 
oil washing of gas is as follows : — 

Specific gravity at 60° Fahr. i.oio to 1.030. 

Tar acids . . . Immaterial. 

Naphthalene . . . Should deposit no naphthalene on 

being cooled down to 55° Fahr. 
BoiUng point . . . Should not boil below 200° C. 
Distillation . . . Should distil not less than 70 per 

cent, up to 300° C. nor more than 

90 per cent. 

For storage of creosote second-hand boilers may be used. 
Very frequently large tanks built of iron plates or reinforced 
concrete, as described in Chapter II, are provided for this purpose, 
and it is policy to cover them. A closed steam coil, or coils, 
should always be placed in the tanks, the diameter of the tubing 
varying between i inch and 2 inches according to the size of the 
storage tank. At convenient points in the suction and delivery 
mains to and from the storage tanks a i-inch steam inlet should 
be fitted. This will enable the pump m,an to clear the mains 
with open steam after pumping, a most necessary proceeding 
when " salty *' creosote has been passed through the mains. 

The fact that creosote is volatile and that this volatility 
does not depend upon the presence of naphthalene altogether, if 
at all, must be borne in mind when considering the question of 
storage. A few rough volatility tests carried out by the author 

^ " Some notes on Benzol Recovery and Rectification." Read before 
Manchester District Institution of Gas Engineers, Oct. 28th, 191 6. Gas 
World, Nov., p. 410. 
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will illustrate this point, see Table XXIV. Flat dishes 6 cm. 
in diameter were employed, giving a surface area of approxi- 
mately 28.25 sq. cm., and the material was placed in the dishes 
to a depth of 0.5 cm. Some creosote oil was freed from tar 
acids by extraction with caustic soda and naphthalene by chilling 
to 0° C. and filtration, and the specific gravity of this treated oil 
was 1.035. A portion of this oil was used in the test in this 
state while to another portion was added tar acids* and naphtha- 
lene, as indicated in Table XXIV, before submitting to the same 
conditions of test. 

TABLE XXIV 



1 

Hours' exposure. 


Creosote free from tar 
acids and naphthalene. 


Creosote containing 
10 per cent, tar acids and 
25 per cent, naphthalene. 


Ground candle 
' naphthalene. 


Loss at 
60-65* Fahr. 


Loss at 
100° Fahr. 


I/>ss at 
60-65* Fahr. 


Loss at 
100" Fahr. 


Loss at 
60-65" Fahr. 


Loss at 
100" Fahr. 




Per cent. 


Percent. 


Per cent. . Per cent. 


Per cent. 


Per cent. 


24 


1.38 


3.42 


1. 10 1 3.30 


• • 


1. 00 


48 


2.42 1 6.10 


• • 


• • 


0.90 


2.20 


96 


4.61 10.40 


4.10 


11.60 


2.31 


332 



With reference to the methods of testing, unfortunately 
at the present day there are no standards, and to a large extent 
each chemist uses his own method for the determination of one 
or more constants. Some of the tests in use are given in Chapter 
XVIII. 

Table XXV which gives the degrees Twaddel, s^^ecific 
gravity and gallons per ton will, no doubt, be found useful 
for reference when dealing with creosote. 

TABLE XXV 



1 


Sp. Gr. 
1.060 


Galls, per ton. 


12 


211.32 


II 


1.055 


212.32 


10 


1.050 


213.33 


9 
8 

7 
6 

5 


1-045 
1.040 

1.035 
1.030 

1.025 


214.35 

215.38 

216.42 

* 217.46 

218.53 


4 


1.020 


219.60 



CHAPTER XVIII 

GAS STRIPPING 

The " C " process — ^gas stripping by use of wash oil — plant required -for 
gas stripping — washers — benzolised oil tank — heat exchangers — pre- 
heaters — still — condenser — separator — crude benzol receivers— oil 
coolers — debenzolised oil tank — ^pumps — meters — advantages secured 
by using oil for gas stripping — description of process — kinds of 
wash oils — effect of tar acids in wash oil — effect of water in waj-h 
oil — ^how to keep water out of wash oil — steam supply to still — theciry 
of extraction of benzenoid hydrocarbons from gas — amount of wash 
oil in circulation — ^supply of wash oil to washers — ^reaction surface in 
washers — temperature of gas and wash oil — thickening of wash oi'. — 
debenzolising wash oil — cooling water — speed wash oil should travel 
through still — dephlegmation to separate naphthalene — grades of 
crude benzol — composition of crude benzol. 

Since 1914, owing to the increased demand for toluene required 
for the manufacture of explosives, many gas companies have 
adopted a system of washing their gas with tar. This system 
is known as the '* C " process and it results in removing some 
of the benzene and toluene from the gas and, of course, increasing 
the percentage of these materials in the coal tar. The following 
figures will illustrate this : Normal tar from vertical retorts 
(intermittent system) yielded 0.75 gallon of toluol per ton, 
whilst a tar from the same system after being employed in the 
'' C process yielded 2.49 gallons of toluene per ton. Several 
workers have found that the addition of a small quantity oi 
powdered limestone to the coal before carbonisation increases 
the jdeld of toluene in the tar, especially when used in connection 
with the "C" process. G. Stevenson^ of the Long Eaton gas- 
works gives the following figures, Table XXVI, wMch illustrate 

TABLE XXVI 



Crude naphthas 
Middle oils 
Toluene in tar, Ibr 
per ton of coal 



Normal 

Carbonisation 

"C" Washing. 



176 C.C. 

720 c.c.'s 

0.27 



Limestone used 

No. 
"C" Washing. 



320 C.C. S 

850 c.c.'s 



0.41 



^ Gas World, Jan. 29, 1916, page 103. 



Limestone 

used plus 

"C" Washing. 



508 C.C.*S 
800 C.C.*S 

I.OI 
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this statement. In each case the coals used were low-grade 
Tupton " Derbyshire '* seam, the temperatures used in car- 
bonisation were the same, and the results were not obtained 
at the expense of either the quality or quantity of the gas. In 
each determination 9000 c.c.'s of tar were taken. 

In the " C " process the temperature of both the gas and 
th«) tar have an important bearing on the amount of benzene 
hydrocarbons taken up by the latter ; the higher the tempera- 
ture the less the amount given up by the gas to the tar. 
The temperature of the gas at the gas inlet to the washer should 
be about 65° Fahr. and that of the tar inlet about 60° Fahr. 
This will mean that the tar must be cooled as well as the gas, 
and unless the cooled tar is thin like vertical retort tar, more or 
leBs unsuccessful working will result. The tar can be cooled 
by passing through a senes of pipes which are water cooled by 
allowing cold water to trickle over them. Washers similar to 
those used for the removal of ammonia from gas are quite suit- 
able for the carrying on of the " C '* process. 

; The amount of tar made at the gasworks is not sufficient 
to' remove the whole of the benzene hydrocarbons from the 
mctke of gas, and according to Geoffrey Weyman ^ the maximum 
efficiency of the " C *' process is about 50 per cent., at which 
about 0.15 gallon of toluene and 0.9 gallon of benzene are left 
ira the gas. 

\ A far older and much more efficient and satisfactory process 
i^ that of gas stripping by the use of a suitable wash oil. It 
appears that Caro in 1869 was the first worker to use tar oils to 
refmove benzenoid hydrocarbons from coal gas. Later, in 1882, 
George E. Davis and Josiah Hardman each patented a process 
f(ir recovering benzol from gas by the use of tar oils, the former 
w*orking his process in Manchester and the latter at Thorncliffe. 
Shortly after this coke oven works' owners began to consider 
the recovery of the by-products from their coke ovens, and 
mjuch experimental work was done in connection with the re- 
CQvery of benzol from the gas, based on the ideas of the pioneer 
workers just mentioned. This expeiimental work has resulted 
inj the production of some very efficient processes, and at the 
present moment (191 7) the estimated amount of benzol recovered 
fripm coke oven gas is approximately 38 million gallons per 
arinum. 

; Recently, owing to the great European crisis, this process 
o^ stripping gas has been introduced into gasworks practice, 
a^d many gasworks, both large and small, are carrying it out 
wdth every success. It is highly probable, if the adoption be- 
comes general, that a yearly production of about 55 million 

) ^ " The Effect of the War on Gasworks Practice." Before North of 
F.ngland Gas Managers' Association. Gas World, May 13, 1916, p. 444. 
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gallons will result. At the outset there were fears that the 
stripped gas would displease the consumer and would prove 
unsuitable for use in the flat-flame burner, but these fears have 
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not been reahsed. Partly debenzoHsed gas has proved quite 
suitable as a heating medium and for lighting purposes, the gross 
B.Th.U.'s being reduced only about 4J per cent., and with 
a modified flat-flame burner it gives quite satisfactory results. 
Needless to say, with a gas mantle the result is all that can 
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be desired. Completely stripped gas can be enriched by the 
use of carburetted water gas, or by spraying it with paraffinoid 
hydrocarbons. 

The plant required for stripping coal gas and debenzolising 
the wash oil need not be a complicated one. Briefly, it consists 
of a washer or scrubber, a benzolised oil tank, heat exchangers, 
preheaters, still, condenser, separator, receivers for crude benzol, 
oil coolers, a debenzolised oil tank and the necessary pumps. 
Reference to Figs. 68, 69, and 69A will give the reader an idea 
of the arrangement of this plant. 

With reference to the kind of washer or scrubber, this may 
be of any efficient t5rpe as now employed in a gasworks for the 
purpose of ammonia recovery. The ordinary tower scrubber 
filled with boards, the Livesey washer, the Walker purifying 
apparatus with rocking arrangement, and several types of 
rotary scrubber have been used with success. In the case of 
the scrubber filled with boards it is as well to distribute the wash 
oil at the top of the apparatus by means of several Gurney's 
jets. Provision must be made, say by the use of T pieces and 
plugs, to allow the jets to be poked through with a wire shoidd 
they become obstructed, and it is also necessary to supply the 
wash oil at a pressure sufficient to cause a forcible impinging 
on the discs of the jets. If this is not done the oil will not be 
sprayed in an efficient manner. Some works have found it 
an advantage to arrange that the upper half of the washer be 
supplied with debenzolised oil and the lower half with re- 
circulated partly benzolised oil. In other works two separate 
washers are employed, one for the debenzolised oil and the other 
for partly benzoHsed oil, providing for .the unwashed gas 
to enter first that washer supplied with the partly benzohsed 
oil. As the efficiency of the stripping process depends upon 
the reaction surface presented by the packing in the scrubber 
and the length of time the gas and wash oil are in contact, due 
consideration must be given to these mattere and a scrubber 
put in of sufficient size to deal with the daily make of gas in a 
satisfactory manner. Dealing with a scrubber packed with 
vhe usual wooden boards, a siu-face area (reaction surface) of 
between 500 and 550 square feet should be allowed for each 
ton of coal carbonised per diem. These figures correspond 
approximately to 16 cubic feet and 18 cubic feet of tower space 
respectively. In order to properly control the supply and 
keep a constant head of wash oil, a feed tank of suitable size 
should be erected above the scrubber. 

The benzolised and debenzolised oil tanks may be of any 
suitable shape and size. CyHndrical tanks made from second- 
hand steam boilers from which the tubes have been drawn 
and the ends blanked will serve this purpose admirabty. A 
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manhole must be provided for the purpose of cleaning, etc., and 
also a hole for the inlet pipe at the top of the tank and another 
for the outlet pipe with its centre about 4 inches from the bottom. 

Most benzol recovery plants have heat exchangers and steam 
heaters, through which the benzolised oil passes before it enters 
the still ; others are provided with a preheater only, and there 
are cases in which these pieces of apparatus are dispensed with 
and the benzohsed oil flows direct into a fire-heated still. 

Heat exchangers are for the purpose of assisting in the 
cooling of the debenzolised oil after it leaves the still, and the 
heating of the benzolised oil in its progress towards that piece of 
apparatus. They consist of covered cylindrical or other suit- 
ably shaped tanks of cast- or wrought-iron, into which are 
placed coils of pipe constructed of either cast- or wrought-iron. 
Wrought-iron tanks and coils are suitable only in cases in which 
corrosion is slight, but when it is to be feared that ammonium 
salts such as the chloride are likely to be carried through the 
plant, then it is wise to use cast-iron, as this metal resists the 
corrosive action of ammonium chloride and other ammonium 
salts better than does wrought-iron. In order to facilitate the 
cleaning out of the tank, say after brushing down the coil, there 
should be provided a ij-inch or 2-inch cock at the bottom ; 
the slurry can then be flushed out through the cock. The 
hot debenzolised oil passes through the tanks and the benzolised 
oil through the coils, the former losing heat and the latter 
gaining it during this progress. The inlet for the debenzolised 
oil is placed at the top of the side of the tank and the outlet 
near the bottom. The coil inlet and outlet are at the top 
of the tank, and the coil is so arranged that after it enters 
the tank it falls in a straight piece to the bottom and then rises 
in the form of laps until it reaches the outlet. It is unwise to 
make the laps too close together ; a distance of about 3J inches 
between each lap must be allowed, and the outside of the coil 
should be not less than 6 inches from the inside of the tank. ^ 

In some plants the hot debenzolised oil circulates through 
the coils of the heat exchangers and the benzolised oil which 
is to be heated through the tanks, and in cases like this it is 
recommended ^ to fit a vapour pipe to the cover of the tank 
to conduct away any benzol vapours which may be formed to a 
condensing coil, and also to put in a baffle chamber to prevent 
any wash oil being carried over into the condensing coil. 

The object of the preheater is to raise the benzolised oil to 
a temperature just before entering the still at which the maxi- 
mum amount of crude benzol will be removed from the oil, and 
which will prevent the entanglement of water by the wash oil 
and enable the oil to leave the still carrying a minimum quantity of 

* Gas World, Nov. 18, 191 6, p. 460. 
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water. A preheater consists of a covered cylindrical, square or 
rectangular tank, containing a steam coil arranged in the form 
of laps. In cases in which corrosion is anticipated the tank and 
coil must be of cast iron for the reason just mentioned when 
dealing with heat exchangers, otherwise the tank may be of 
mild steel and the coil of wrought-iron steam pipe. Where 
corrosion has to be considered J. A. Wilson ^ recommends the 
following as a good construction for a preheater. A rectangidar 
tank ''built up of a few strongly flanged sections, with cast- 
iron U-pipes for the steam, these to be free at one end and jointed 
to the outside of the still at the other, the pipes being connected 
to each other by short U-bends, and being fixed horizontally, 
so that the oil will have an impinging action on them in its 
upward flow through the preheater." This worker advises 
against the use of gilled steam pipes, as they readily collect 
solid matter as it is deposited from the oil and thus reduce the 
heating efliciency of the coil. As a deposit of some sort is hkely 
to form on any type of steam pipe it is advisable to arrange for 
a means (an easily removed cover, for instance) by which the 
coil can be brushed down from time to time, and in this con- 
nection it is a good plan to fit a i^-inch or 2-inch cock to 
the bottom of the tank, through which the slurry can be re- 
moved. The laps of the coil should not be too close together ; 
a distance of at least 4 inches being allowed between each 
lap. The inlet for the benzoHsed oil is on the side near the 
bottom of the preheater tank and the outlet on the opposite 
side near the top. It is advisable to fit a vapour pipe to the 
cover. in order that any crude benzol vapours which come off 
from the heated benzoUsed oil may be conducted to a condenser 
coil. It can be so arranged that this vapour pipe leads to the 
condenser coil which is connected to the vapour pipe of the still. 

Where it is intended to adopt fire heating for the purpose 
of distillation a still of the pot type can be used, similar in con- 
struction to that illustrated on page 31, Fig. 12, but without 
the internal steam pipes. It is constructed of wrought-iron or 
mild steel plates, with a cast-iron swan-neck and vapour pipe. 
In setting the still there is no need to put in a curtain arch. 

The best kind of still, and the one used in the larger number 
of plants, is of the continuous type, and it consists principally 
of a tower built up of cast-iron segments or chambers. The 
design of these segments varies a little according to the ideas 
of the makers, but broadly speaking there is a great similarity. 
Each segment, with the exception of the top and bottom ones, 
has a plate cast on it, and each plate is provided with one or 

1 " Some points m the recovery of Benzol,'* J. A. Wilson, read before 
the Coke Oven Managers' Association, Midland Section. See Gas World, 
Coking Section, Dec. 2, 1916, pp. 11-14. 
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two overflow pipes, and several inlets over which are placed 
hoods or dispersers. The inlets and overflow pipes are so 
arranged that a seal of oil remains on each plate. As a matter 
of fact the illustration of the column on page 134 gives a typical 
idea of the arrangement. The segments, with the exception of 
the top and bottom ones, are approximately i foot deep 
and 3 feet 9 inches to 4 feet in diameter, flanged, and provided 
with perfectly faced joints. The top segment is simply a shallow 
dome with an outlet cast on the top, in the centre, to which is 
fixed the vapour pipe. With regard to the bottom segment, 
this is much larger than those which compose the greater part 
of the still and there is no plate cast on it. Approximately 
the size is 3 feet 9 inches deep. On this segment are cast an 
outlet for the debenzoUsed oil and an inlet for the live steam 
supply. In some cases there is a second inlet for the purpose 
of introducing a steam supply to a closed steam coil. This 
latter arrangement is considered by many workers, and also by 
the writer, to be an advantage. The live steam is introduced 
into the still by means of two jets or a small open steam coil 
provided with a few perforations. On the third segment from 
the top is cast an inlet to which is connected the benzolised oil 
supply. It should be mentioned here that some stills are 
provided with a baffle chamber (which is fitted to the top seg- 
ment) and on the top of which is fixed a vapour pipe. In cases 
like this the inlet for the benzoUsed oil is cast on the top segment 
of the still proper. The number of segments provided with 
plates varies somewhat according to the make of the still, but 
a good average is twelve when the still is not provided with 
an " outside '' dephlegmator. If it is desired to connect a 
dephlegmator to the still then the latter must not be too high, 
i,e. there must not be too many segments in its construction, 
or else dephlegmation will take place where it is not wanted, 
that is in the still. The number of segments in cases hke this 
should be about eight. 

The purpose of an '' outside '* dephlegmator attached to 
the still is to remove much of the naphthalene from the wash 
oil and also to prevent it getting into the crude benzol. This 
excellent idea was advocated strongly by the late Mr G. Stanley 
Cooper, a clever and much respected worker, especially in matters 
relating to the coke oven and by-products industry. The 
construction of the dephlegmator varies according to the ideas 
of the maker or the designer. One type is very similar to that 
illustrated and described on pages 135 and 136. The diameter 
is, however, rather greater, being about 3 feet, and the over all 
length less, varying between 4 and 5 feet, and the water tubes are 
not quite so close together. Another type of dephlegmator is built 
up of several cast-iron segments, each water jacketed and pro- 

O 
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vided with a plate on which are inlets, hoods and overflow pipes. 
The number of segments containing plates varies, but it is usually 
between five and six. In the tube dephlegmator the vapours 
from the still enter at the side, near the top, and the uncondensed 
vapours leave at the side, near the bottom, but in the plate type 
the vapours enter the side of the bottom segment and the 
uncondensed portion leaves at the top from an outlet cast in 
the centre of a shallow dome which is bolted on to the top 
section. In both t5^s the condensed Hquid, oil containing a 
quantity of naphthalene, leaves at the bottom and is conducted 
away to cooUng tanks in which the naphthakne separates out. 
It is not wise to place the dephlegmator too far away from the 
still ; a distance of about 4 feet is quite enough. 

CooUng tanks for the purpose of receiving and coohng the 
oil which leaves the dephlegmator, in order that its excess of 
naphthalene may separate out, should he constructed of 
mild steel plates and erected under cover, but away from any 
source of heat. They should be shallow, say about 2 feet 
deep, and of any suitable length and width to suit the volume 
of oil to be dealt with. If a means of refrigeration is already in 
existence and an extension can be conveniently made to these 
tanks, it will be an advantage, so far as speed and complete 
separation of naphthalene are concerned, to use it. Circulating 
cold water through pipes resting on the bottom of the tanks 
acts fairly well in the summer time. 

The condenser attached to the still consists of a length of 
wrought-iron tubing or several lengths of cast-iron pipe arranged 
in the form of a number of laps and placed in a cyUndrical, 
square or rectangular tank according to convenience. Con- 
denser tanks and coils have already been dealt with on pages 50 
and 51. 

A description of a suitable separator or divider will be found 
on page 53. 

As a receiver for the crude benzol a cylindrical, square or 
rectangular tank constructed of mild steel plates can be used, 
according to convenience. It must be a covered tank, the 
joints of which should be double riveted and well caulked. On 
the top of the tank is a manhole with a tight-fitting lid, a hole, 
say I J inches, for the inlet pipe and a J-inch hole which acts 
as an air vent and which can also be used for dipping purposes. 
A 2-inch outlet pipe is fitted on the side of the tank with its 
centre about 3 inches from the bottom, and it is as well to fit a 
I J-inch drain cock on the bottom of the receiver. This will be 
found useful for cleaning purposes. 

Oil coolers vary somewhat in construction. In some plants 
they consist of a number of flanged cast-iron pipes, placed 
horizontally, and connected with U bends, and arranged in 
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tiers of six or more, or on the flat in a tank. In the case of the 
former arrangement the bottom tier of pipes is suspended in a 
tank, generally constructed of concrete, and all the pipes are 
water cooled, the upper tiers by means of water sprays or water 
trickling over them and the bottom layer by the water in the 
tank, which must, of course, be kept on the move. In the latter 
arrangement the pipes are totally immersed in water, of which 
there must be a plentiful supply passing through the tank. 
With reference to the area of cooling surface, see page 221. 

Sometimes the cooler is constructed in a similar manner 
to an ordinary still condenser and placed in an uright position, 
or else it consists of a number of tubes swelled into two tube 
plates and fitted into a cylindrical iron vessel, the whole arrange- 
ment being placed in a vertical or horizontal position. 

Pumps may be of any reputable make, either of the ram or 
centrifugal type. So far as efficiency is concerned the latter 
type of pump is the better to use, and as they are designed for 
lugh hfts, from 25 feet to 50 feet or even more, there need be 
no fear on this score. A special type of rotary pump suitable 
for deaHng with wash oil is now on the market. It is capable 
of pumping oil at a temperature of 120° C. and can be used with 
a suction lift of up to 8 feet. This pump is made by the Roots 
Company of Connellsville and according to the makers 75 to 85 
per cent, of the power appUed to the operating shaft is absorbed 
in doing useful work. 

It is a wise plan to provide a means by which the supply 
of debenzolised wash oil to the scrubber and also the supply 
of benzohsed oil to the still can be controlled. This can be 
done by the use of a meter and a cock provided with a quadrant, 
feeding by gravity from a tank in either case. A gauze sieve 
must be placed before the inlet to the meter for the 
purpose of keeping back particles of solid matter, and the 
sieve should receive regular inspection to see that this material 
is removed from it. With reference to the meter, a certain 
amount of trouble may arise in regard to corrosion, but there 
is no doubt that with proper representation makers will be 
induced to construct meters of a specially resistant metal. 

The plant used in working up crude benzol, and that em- 
ployed in making rectified benzol and toluol, has already been 
described in Chap. IX, and the reader is referred to it for 
information on this subject. 

There are several advantages secured by using oil instead 
of tar to recover the lower benzenoid hydrocarbons from coal 
gas. The chief of these are : — 

I. Variation in atmospheric temperature does not seriously 
affect the efficiency of the process ; during the winter months 
the oil does not thicken up like tar. 
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2. The stripping of the gas can be carried out to completion 
or partially, as desired. 

3. If the process is properly worked naphthalene is removed 
from the gas in a very efficient manner. 

The benzol recovery process is a continuous one, the wash 
oil first passing through the scrubbers and from these to the 
benzolised oil tank, thence onward through the heat exchangers 
and superheater to the still. In the still the benzolised oil is 
relieved of its crude benzol, and then it passes through the heat 
exchangers and from these to the air coolers and finally to the 
debenzolised oil tank. From this receptacle it is pumped to 
the first scrubber and from this piece of apparatus the whole 
process is repeated. The wash oil continues in circulation 
until it becomes "spent*' oil, which is thicker and its specific 
gravity and distilHng range higher than that of the original 
*' fresh *' oil. It is then replaced by a fresh supply, or else a 
certain percentage of the wash oil is removed from circulation 
at regular intervals. 

The quality of the wash oil plays an important part in the 
efficiency of working and should receive due consideration. 
1^ Several kinds of oil have been suggested as suitable for use in 

the stripping of gas, the chief ol which are : — 

Moderately light creosote oil. 
Heavy creosote oil. 
Strained anthracene oil (green oil). 
Petroleum distillate (gas oil). 
Shale oil distillate. 
Blast-furnace oil. 

Although the shale oil distillate and petroleum distillate 
(gas oil) possess good benzene and toluene absorbing powers they 
have not received general acceptance, chiefly on account of the 
risk there is of obtaining a crude benzol containing paraffinoid 
bodies. A crude benzol containing these bodies is not so valu- 
able on the market on account of the difficulty, and in some cases 
almost impossibility, in separating the paraffinoid hydrocarbons 
from the rectified products. The fact that gas oil is free from 
naphthalene and is an excellent solvent for this substance is 
certainly in its favour. At the time of writing it is being used 
at some works with good results, but it is undoubtedly a well 
chosen oil. If a petroleum distillate which on distillation yields 
nothing below say 170° C. is employed the risk of obtaining 
rectified products containing paraffinoid bodies is much reduced, 
and with careful working up of the crude benzol satisfactory 
results may be obtained. When, however, oils of a different 
class {e.g, creosote oils) which introduce no risks of this kind 
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can be easily secured, then it is wise to use them and to avoid 
paraffin oils. 

In regard to tlie creosotes and strained anthracene oil, 
these materials seem to be in greatest favour and are used very 
largely, particularly the heavy creosote. It appears that a coal 
tar creosote boiling between 220° and 265° C. extracts benzol 
and toluol from coal gas better than the hea\der coal tar dis- 
tillates, but this is not the only factor in the case. Consideration 
must be given to the amount of wash oil (creosote) which will 
come over with the crude benzol during the debenzolising pro- 
cess. Using a creosote with a low distilling range will result 
in a larger amount of its lower boiling point compounds dis- 
tilling over with the crude benzol than if a creosote of a higher 
distilling range be employed. In this respect it is an advan- 
tage to use one possessing a distilling range, say, between 250° 
and 325° C, although the benzol-toluol absorbing power is not 
quite so great. However, a creosote of this distilling range 
has one disadvantage, and that is its rather high viscosity when 
compared with lighter fractions. This results in rather a lower 
efficiency in regard to its stripping powers, especially during 
the cold weather, and it also renders the oil a little more difficult 
to cool after leaving the still. Bearing all these facts in mind, 
and with a desire to secure as high an efficiency as possible, 
it is best to use a creosote with a medium distilling range and to 
employ careful dephlegmation to separate from the crude benzol, 
immediately it leaves the still, as much as possible of the wash 
oil which is carried over. One of the best specifications of 
a creosote foi gas stripping which has come to the writer's 
notice is that given by Walmsley and Morfey. This has been 
referred to in Chap. XVII, page 199, but for the sake of con- 
venience the distilling range is given here. It is : — 

Dropping point .... 2io°-220° C. 
50 per cent, distils over at . . 250° C. 

80 „ „ „ . . 300° C. 

Although the distilling range of strained oil (green oil) is 
high it is not so suitable as heavy creosote on account of its 
high viscosity and its low benzol-toluol absorbing property. 
A strained oil having a specific gravity of i.ioo, on distillation 
in a Wurtz flash, the thermometer being in the vapour, bulb 
opposite the outlet, showed — 



up to 220° C. 

„ 240° C. . 

„ 260° c. . 
„ 280° c. . 


9 per cent 

. 14 

. 18 „ 

. 28 „ 


„ 300°. C. . 


. 40 
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Further specifications of creosotes used in the process of gas 
stripping are as follows : — 



(a) 1 Specific gravity 


at 60° Fahr. . 1.040 


Tar acids . . . . 


8 per cent. 


Distilling up to 200° C. . 
„ 220° C. . 



. 26 


„ 240° C. . 
„ 260° C. . 

„ 280° C. . 
300° c. 


. 35 M 
. 65 „ 

. 75 ,, 
. 85 „ 


(b) 2 Specific gravity' 


. 1.037 


Naphthalene 
Below 200° C. 




21.6 per cent. 
0.5 


„ 220° C. 




16.5 


„ 240° C. 
„ 260° C. 




40.5 
61.0 


„ 280° C. 
„ 300° c. 




70.0 
78.0 



It will be observed that in the last specification the content 
of naphthalene is high, particularly for a wash oil. The naphtha- 
lene trouble is the gasworks managers' " nightmare," and any 
means by which this trouble can be reduced is always welcome. 
In the process of stripping gas the content of naphthalene 
in the gas is usually reduced by the solvent action of the wash 
oil, but if a wash oil is employed which contains an excess of 
naphthalene the opposite result will, in all probability, be ob- 
tained, particularly if the percentage of naphthalene in the gas, 
before washing, is low. It is desirable on this account to begin 
with a fresh wash oil practically free from naphthalene and to 
see to it that that which is picked up from the gas is removed 
during the debenzolising process by dephlegmation, or else 
allowed to crystalHse out of the debenzolised oil by chilling 
and settling in suitable tanks. 

That washing the gas with oil removes much of the naphtha- 
lene should be a strong recommendation to gas engineers to 
instal a stripping plant, but in doing so they must not lose 
sight of the fact that the wash oil removes from the gas much 
of the material (benzene, toluene and xylene) which holds 
naphthalene in suspension, and that any naphthalene which still 
remains in the gas may deposit somewhere and cause trouble. 
This may be prevented by spraying into the gas (after it has 



^ The Gas Chemists^ Summary, 1915, p. 82. 
* " Effect of the War on Gasworks Practice." 
Gas World, May 13, 1916, p. 445. 
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been stripped) a suitable solvent by one of the well-known 
processes, and by doing this the gas will also be enriched. 

At the present time (1917) blast-furnace creosote is receiving 
attention in connection with its suitability as a gas stripping 
material. It possesses the following advantages : — 

1. The naphthalene content is practically nil. 

2. It is a good solvent for benzenoid hydrocarbons. 

3. It is an excellent solvent for naphthalene, much better 
than coal tar creosotes. 

4. It has a high distilling range. There is one disadvantage, 
and that is during the cold weather it is Uable to become more 
viscid than a suitable coal tar creosote, with the results men- 
tioned on page 213. 

Unfortupately, the volume produced annually is much less 
than that of coal tar creosote, and this limits its use. It can, 
however, be mixed with the coal tar product with advantage. 
Owing to the high germicidal value of the tar acids contained 
in blast-furnace creosote it is much sought after by disinfectant 
manufacturers, who extract all or most of the *tar acids, and who 
are generally in a position to supply the extracted oil in a con- 
dition eminently suitable for gas stripping. A specification of 
a blast-furnace oil is given by Geoifrey Weyman,^ which is as 
follows : — 



Specific gravity 
Naphthalene 
Below 220° C. 

220° C. 

240° C. 

260° C. 

280° C. 

300° C. 



>> 



it 



t* 



if 



j> 



0-957 
trace 

4 per cent. 

7 
24 

40 

58 
72 



Some particulars of blast-furnace oils which are at present 
being used for gas stripping are given in Table XXVII. 



TABLE XXVII 



Sp. Gr. 

at 



Tar 
Acids 



Water 



Per cent, up to 



at I Acids -^;- 1 - 
15" C. percent. ]I^^^"'- jjo*- C 



0.961 5.0 
0.960 4.6 



0.961 



4.0 



05 
trace 



0.5 



3 
3 



I 
240° C. 260" C. 



7 
8 

6 



20 
23 
24 



280" c. ! 300" c. 340* c. 360" c 



43 

42 

44 



55 
56 
62 




89 
86 

89 



^ "Effect of the War on Gasworks Practice." See Gas World, May 13, 
1916, p. 445. 
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The point as to whether it is an advantage to use a wash 
oil containing tar acids or not remains as yet unsettled. It is 
an established fact that tar acids are excellent solvents for 
naphthalene, while coal-tar hydrocarbons are very poor in this 
respect. This fact alone seems to decide in favour of using 
wash oils of the coal-tar creosote type which contain tar acids. 
These remarks do not apply to blast-furnace oil (tar acid free) 
as the hydrocarbons contained in it are excellent naphthalene 
solvents. To illustrate these facts the writer gives the following 
figures, Table XXVIII, obtained by him some time ago under 
strictly comparable conditions. In the table the solvent power 
of tar acids extracted from coal tar creosote is taken as loo. 



TABLE XXVIII 

Naphthalene 
Material. solvent 

power. 

Coal tar acids from creosote . . . loo.o 

Creosote oil containing 25 per cent, tar acid 26.5 

Creosote oil free from tar acids . . 10.2 

Blast-furnace oil free from tar acids . 108.9 

The effect of water in the wash oil on its extractive power 
is one which requires careful consideration. Practice has shown 
that as the percentage of water in a wash oil lises, so does its 
absorptive (or extractive) power decrease. For instance, an 
oil containing about 3 per cent, of water will absorb approxi- 
mately 36 per cent, less benzenoid hydrocarbons than a water 
free oil, while one containing 7 per cent, will absorb 45 per cent, 
less. When purchasing an oil for gas stripping it should be 
laid down that it must not show more than 0.5 per cent, of water 
when submitted to a distillation test. It must not be forgotten 
that there are other channels by which water may get into the 
wash oil. For instance, the gas carries a certain amount of 
water in the form of vapour, which, if the wash oil is at a lower 
temperature than the gas, will be taken up by it. It is necessary 
on this account to see that the wash oil as it enters the washer 
is at a slightly higher temperature than the gas, say about 2° C. 
Water may also get into the oil during its treatment in the 
debenzoUsing still if this piece of apparatus is steam heated. 
As already mentioned, steam heated stills are fitted with " hve " 
as well as closed steam coils, and if the steam is wet, that which 
leaves the open steam coil will deposit water in the oil, partic- 
ularly if the oil, as it enters the still, is at too low a temperature. 
To avoid this it is wise to superheat the steam a little or pass 
it through a water separator before allowing it to enter the still. 
If the benzoHsed oil is too low in temperature when it enters 
the still it may bring about condensation of the *' live " steam 
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even when this is suppHed in a comparatively dry state. To steer 
clear of this the temperature at which the benzol ised oil enters 
the still and that at which the diebenzolised oil leaves it must 
be properly controlled. The temperature at both these points 
should be at least 10° C. above the boiling point of water, 
being a few degrees lower at the outlet than at the inlet. 
Various temperatures have been recommended from time to 
time, but in the opinion of the writer an inlet temperature of 
115° C. and an outlet temperature of 110° C. will, in most cases, 
give satisfactory results. It must be borne in mind that the 
higher the temperature used in the still, the greater the possi- 
bility of forming decomposition products in the oil, and thus 
hastening its " thickening *' and the shortening of time of service 
of all or part of it. Thickening of the oil is also brought about 
by the loss of the lighter portions during steam distillation 
in the debenzohsing still, and in some cases by the tar which 
it picks up from the gas, when the gas is not quite tar free. 

It is convenient at this point to mention again that the 
steam supplied to the still should be dry, and, with advantage, 
shghtly superheated. That which passes through the closed 
coil, which is fitted in some of the debenzolising stills, will give 
good results if it is at a pressure of between 60 lbs. and 80 lbs. 
to the square inch. With regard to the " live *' steam which 
enters the still via the perforated coil or steam jets, this must 
not be introduced at too high a pressure or some of the un- 
fractionated oil will be blown over with the crude benzol. On 
the other hand, steam supplied at too low a pressure will not 
properly fractionate the oil, because as it meets the descending 
oil at each plate its temperature and pressure fall until finally 
it reaches a stage, near the top plates, at which it cannot suffi- 
ciently agitate and heat the oil nor " hft *' the crude benzol 
vapours to the vapour pipe. Further, steam at very low pressures, 
unless superheated near the still, is very hable to be wet, and 
this, in addition to a fall of pressure due to the expansion in 
the still, will introduce the risk of some water being deposited 
in the oil. Steam is always reduced in pressure by throttling 
or wire drawing, and this process takes place when the steam 
passes the control valve and also when it leaves the perforations 
in the coil or jets. Hence a supply from a boiler at a very low 
pressure would be reduced further on entering the still, and 
in spite of the fact now to be mentioned it is not an advantage 
in this case. When steam is throttled or wire drawn it is rendered 
less wet than it was originally, and in fact if it is not inordinately 
wet it is dried and possibly superheated (this is not the case if 
the pressure is reduced by expansion). It follows from what has 
been said that steam should be supplied from a boiler working 
at a good pressure, say between 60 lbs. and 80 lbs. to the square 
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inch ; it must be dry ; and it should enter the still immedi- 
ately after being reduced in pressure by throttling with the 
control valve near the steam inlet. This valve can be carefully 
opened by the plant man and the supply of steam into the 
still regulated according to the flow of condensate from the 
worm end. 

The benzenoid hydrocarbons exist in coal gas in the form 
of vapours, or for all practical purposes in the form of gases ; 
liquids when converted into vapours obey all the laws of gases. 
In the process under consideration we may consider these bodies 
as indifferent gases when compared with the solvents used to 
extract them. The removal of active gases, i.e, those which 
will react easily with an absorbing medium, is a simple matter 
compared with that of the absorption of indifferent gases. In 
the former case chemical absorption can be brought about by 
the employment of a suitable absorbing medium and making 
use of the ionic state, but in the latter case, having non- 
electrolytes to deal with both in regard to the gases and the 
absorbing medium, it is not possible to take advantage of an 
ionic state, and the process will proceed much more slowly. 
Bearing in mind the law which governs the solution of gases 
in liquids, viz., ** given a state of equilibrium, the concentration 
of a gas bears a constant relation to that of the solution, *' 
the term concentration indicating the amount present in a unit 
volume, we shall be able, briefly, to consider the theoretical side 
of gas stripping. Now, the concentration of a gas and the 
quantity of it which can be dissolved in a liquid are proportional 
to the pressure and, naturally, to the nature of the substance 
used as a solvent. Also, the temperature of both the solvent 
and the gas will exert their influence. 

In the process under consideration the separation by absorp- 
tion of gases (vapours) of a similar nature, i,e. the lower 
benzenoid hydrocarbons, from a mixture of dissimilar gases 
is aimed at, and the following points should be borne in mind. 
The unabsorbed gases (vapours) will carry away with them 
a certain amount of the material used as the solvent, this amount 
varying according to the vapour pressures. In any case it is 
not very considerable. It is necessary to use the counter 
current system of washing ; to expose the largest possible re- 
action surface in regard to the gas and the solvent, together 
with sufficient time of contact ; and to maintain a certain amount 
of agitation of the absorbing liquid (the wash oil). The reasons 
are as follows : As the absorption of the vapours of the ben- 
zenoid hydrocarbons goes on their partial pressure in the gaseous 
mixture becomes less, and it is therefore necessary in order to 
obtain the greatest possible absorption to bring the strongest 
solution (partly benzolised oil) into contact with fresh or un- 
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washed gas, and fresh wash oil into contact with partially washed 
gas. This can only be done by using the counter current system. 
The larger the reaction surface in the washer combined with 
a properly legulated supply of wash oil the greater will be the 
surface of contact between the gas and the solvent, the latter 
being spread out in thin films and the former well broken up 
into separate currents. Now the greater the surface of con- 
tact, combined with a reasonable hmit of time for action, the 
more efficient will be the absorption of the hydrocarbons by 
the wash oil, this efficiency being increased, of course, by the 
adoption of the counter current principle as just mentioned. If 
the wash oil is agitated it is broken up into drops, and the smaller 
these drops the greater the surface of contact. x\gitation is also 
necessary in order to assist in the dissemination of the dissolved 
gases throughout the wash oil. Agitation is obtained mechani- 
cally, e.g. by the use of the Walker purifjdng apparatus, or by 
force of gravity, e,g, in falling from one board to another as 
in the board-packed washers. 

The amount of wash oil in circulation has an important 
bearing on the efiicienc}^ of the plant, and it should be care- 
fully controlled after a decision has been come to as to the 
best volume to use. On plants in various parts of the country, 
the amount of wash oil used vaiies between 55 and 120 gallons 
per ton of coal carbonised. The volume should differ accord- 
ing to the degree of saturation aimed at, and this in its turn 
depends upon the efficiency of the washer and the time of 
contact between the gas and the wash oil. A good average is 
between 65 and 70 gallons of wash oil per ton of coal carbonised, 
and the degree of saturation about 4.5 per cent. If it is assumed 
that each ton of coal carbonised jdelds 3 gallons of benzenoid 
hydrocarbons and a degree of saturation of 4.5 per cent, is 
aimed at, then 67 gallons of wash oil per ton of coal carbonised 
wiU be required. On the same assumption, for a 4 per cent, 
saturation 75 gallons of wash oil will be required, and for a 
3 per cent, saturation 100 gallons of wash oil. In the case of 
small works, where necessity requires that the benzolised oil 
be sold or returned to a larger works, then a degree of saturation 
as high as 9 per cent, is often aimed at. It is interesting to note 
that experience has shown that below a certain point the smaller 
the volume of wash oil used per ton of coal carbonised the 
greater is the amount of toluene and its higher homologues 
and the less the amount of benzene removed from the gas. 

The supply of wash oil to the washer should be regular and 
at a constant head. If these conditions are varied from the 
correct standard found for the plant then there is a risk of the 
gas not being properly stripped or of the wash oil not being kept 
up to the required degree of saturation. A diminished head 
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or supply may result in the boards, or other material providing 
the reaction surface, not being properly covered, and an in- 
creased head or supply will result in thicker films of wa^h oil and, 
therefore, a reduced contact surface. 

Reference to the amount of reaction surface required in gas 
stripping is made on page 204. Satisfactory results will not be 
obtained if the figures there given are reduced to any great 
extent — ^in fact, it would in many cases be advantageous to 
increase them somewhat, say, for instance, to 20 cubic feet of 
lower space per ton of coal carbonised per day, representing 
approximately 620 square feet of reaction surface, if boards are 
used. These and the figures already given (page 204) are only 
approximate, and when a new plant is to be erected the type 
of washer to be adopted and also the extent to which the gas 
is to be stripped must be considered. 

One of the most important factors governing the successful 
recovery of the benzene hydrocarbons from gas is that of tem- 
perature. The temperature of both the wash oil and the gas 
to be stripped must be carefully controlled. If the temperature 
of the wash oil is too low when compared with that of the gas, 
then there is a risk of naphthalene being taken up from the 
former (in cases in which the percentage is fairly high) by the 
latter, and on the other hand, if the wash oil is at too high a 
temperature compared with that of the gas, then less benzenoid 
hydrocarbons will be extracted. It is necessary, however, for 
the wash oil to be at a slightly higher temperature than the 
gas in order to prevent water being deposited in the oil ; this 
difference should be about 2° C. Good results can be obtained 
by keeping the gas at about 18° C. and the wash oil at about 
20° C. E. W. Smith ^ recommends that the temperature of the 
wash oil should not be higher than 22° C. in order to secure the 
best working results. 

It may be as weU to mention in this place that it is advisable 
to remove the ammonia from the gas before passing it along 
to the stripping plant. If this is not done then there is, naturally, 
some loss of ammonia due to the deposition of ammonium salts 
in parts of the plant, also there is the risk of increasing the 
corrosion of some of the units of the plant by certain of the 
ammonium salts, for instance ammonium chloride, and the 
reducing of the absorbing power of the wash oil. 

During each cycle the volume of the wash oil is reduced 
by a small amount. This is mainl}'' due to the fact that some 
of the lower boiling constituents of the oil are carried over with 
the crude spirit during the debenzolising process. This amount 
should be replaced each day by fresh wash oil. It is also necessary 
to do this to reduce to a certain extent the *' thickening " of 

* See Gas World, Dec. 16, 1916, p. 541. 
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the oil. Eventually, however, the oil becomes *' thick " {t. * 
the specific gravity, viscosity, and drop point of the oil beco 
higher), and its power of absorbing benzenoid hydrocarbo 
is reduced. On this account it is put out of commission 
a new lot of wash oil supplied to the plant. The " thickening ^ 
of the wash oil can be stayed for a considerable period if a cert a i ^ 
proportion is removed each week and replaced by fresh wash oil 
In this connection E. W. Smith ^ recommends the removal <: 
10 per cent, of wash oil from circulation per week when usin^ 
50 to 70 gallons per ton of coal carbonised. It is advantageo"u*-= 
occasionally to add fresh wash oil somewhat lighter in specifier- 
gravity to the original, but before doing this the debenzoHseci 
wash oil in circulation should be examined in the chemica.1. 
laboratory for its physical constants. 

Care must be taken that the debenzoUsing of the wasl:» 
oil is properly carried out before returning it to the washers^. 
A partly debenzoUsed oil will not absorb the desired amouii-t: 
of benzenoid hydrocarbons, and on this account the efficienc^^- 
of the stripping plant will be reduced. The oil as it leaves th^ 
still should be examined periodically in the chemical laboratory. 

Another factor upon which the efficiency of a stripping plaat: 
depends is an adequate supply of cooHng water for the con- 
denser attached to the debenzolising still (also for the condenser 
of the rectifying still if this is attached to the plant), and alsc 
for the water condenser through which the debenzolised oil^ 
passes before entering the storage tanks or receivers. In th^ 
case of the debenzoUsing still condenser a flow of about 2 J gallorx^^ 
of cooUng water for each i gallon of distillate condensed i^ 
a suitable figure to work upon, and for a rectifying still condense^:- 
3 gallons for each i gallon of distillate. For the debenzolisec3^ 
oil coolers an allowance of say ij gallons of water per squar^^^ 
foot of condensing surface per hour will prove suitable unde:^:- 
most circumstances. A useful and usually safe allowance tc: . 
make in calculations connected with condensing surfaces fo:^ 
this purpose is 1000 B.Th.U.'s per square foot per hour, thes^ 
units being carried away by the cooHng water. 

When distilling the benzolised oil {i.e. removing th^ 
benzenoid hydrocarbons) care must be taken to see that tlx^^ 
temperature of the benzoUsed oil at the inlet and that of tlx^ 
debenzoUsed oil at the outlet are properly controlled. Th.^ 
correct temperatures to use and the reasons for their employ- 
ment have already been given on pages 216 and 217. If the 
number of compartments or segments in the still is insufficient, 
then the oil under treatment will leave the still too soon and 
consequently will not be properly debenzolised. This bad result 
will also occur if the design of the plates of the segments is faulty 

* See Gas World, Dec. 16, 1916, p. 541. 
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,or if the oil is passed at varying speeds through the still. A 
•constant speed must be arranged for. If the oil is suppUed 
,to the still in too great a volume, then a choking of the com- 
jpartments will take place (even when properly designed over- 
'%ws are provided), and there is a UkeUhood of benzoUsed wash 
y,il being carried over with the steam and crude spirit vapours, 
ci-^he most suitable speed at which the oil should travel through 
evhe still of any individual plant can be found by examining the 
^vash oil, as it leaves the still, for its content of benzenoid 
.hydrocarbons. When this speed is found laboratory control 
must not be discontinued, but a daily test carried out on a bulk 
.sample made up of samples collected by the plant man say every 
itwo or three hours. The debenzolised oil as it leaves the still 
when submitted to a distillation test in the chenaical laboratorv 
should not yield more than say 0.3 per cent, up to 160° C. 

On page 209 mention was made of the use of a dephlegmator 
:for the purpose of facilitating the removal of much of the 
r naphthalene contained in the debenzoHsed oil, some of which 
^was possibly in the fresh wash oil and much of which has been 
taken up from the gas. The temperature at which the vapours 
leave the outlet of the dephlegmator must be taken from time 
to time and kept under control, and although a certain amount of 
•latitude can be allowed, any variation must be made with an 
object in view and not carelessly. For instance, the temperature 
Jmust be varied according to the '* strength *' at which it is desired 
^to produce the crude benzol, or the percentage of saturation of the 
benzolised oil. Temperatures between 90° and 95° C. are used with 
♦good results, but it is wise for the manager to adjust his own tem- 
perature according to conditions obtaining in his particular case. 
If the dephlegmator is used properly the naphthalene trouble 
will be considerably reduced, if not wholly done away with. 

Various grades of crude benzol are made on recovery plants, 

and some of these are 65 per cent., 60 per cent, and 55 per cent., 

these percentages representing the amount of distillate which 

:comes over up to 120° C. when 100 c.c.'s are distilled in a glass 

i.retort with the thermometer immersed in the Uquid. 

t The composition of the crude benzol will vary a good deal 

.according to the *' strength *' or the percentage it gives up 

to 120° C. on distillation ; the quality of the wash oil used ; the 

degree of saturation of the wash oil, and so on ; in fact, it is 

questionable whether two lots will be found ahke. In a recent 

paper ^ Weyman gives the following figures : benzol, about 

55 per cent. ; toluol, 9 per cent. ; solvent naphtha, 10 per cent. ; 

oottoms, 26 per cent. 

With regard to the distillation of the crude benzol, and the 

1 " The Effect of the War on Gasworks Practice," GeoflErey Weyman, 
M.Sc. See Gas World, May 13, 191 6, p. 444. 
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.fication of the products, methods and plant for doing this 
described in Chapters IX, X, and XI. Since writing this 
)ter an excellent paper, one "might almost say a classical 
?r, on "Some Physico-Chemical Considerations on Benzol 
overy from Coal Gas," has been published by Mr T. F. E. 
ad, M.Sc.,^ and the writer recommends all those interested 
he important subject of benzol recovery to give this paper 
r careful study. 

[n the Journal of the Society of Chemical Industry of Feb- 
:y 15, 1917, there occurs a paper by Dr. R. Lessing entitled, 
xtracting the Vaporous Constituents from Coal Gas." 
5 conamunication deals with a suggested method of de- 
zoUsing gas by '* dry " scrubbing and a method of determin- 
the amount of benzenoid hydrocarbons in coal gas, and it 
uld receive the serious consideration of all who are interested 
;as stripping. 

The diagram Fig. 70 illustrates the Southport debenzoUsing 
nt, which has been erected from material found on the South- 
t gas estate. Similar material is usually found on most 
works or can be readily procured at small cost. The whole 
:he plant was erected in ten days' time at a cost of £25 (labour 
y), and it has been working for some considerable time, 
nng which it has given entire satisfaction. The diagram 
>ws the simplicity of the apparatus, and apart from the small 
:ount of labour required on the fifrnace very little supervision 
lecessary. 

The benzoUsed oil is continuously pumped into an over- 
id syphon which is fitted with an overflow. By the re- 
[ation of a cock marked A on the plan a regular supply of 
is maintained. The benzolised oil passes through a heat 
changer H and enters at the bottom of the twin heating tubes 
points B. Connected to the inlet pipe there is an extension 
pe to the debenzoUsed oil cooler, which pipe is fitted with a 
ck so that at any time the oil can be drained out of the heating 
jbes, the end flanges removed, and the tubes cleaned when 
cessary. The oil passes oat of the 16-inch heating tubes 
' means of two 2-inch pipes, at the top of which are mounted 
ermometers. These thermometers are fixed into the top 
ugs and made tight by cement. The tubes are connected 
the chamber C in the middle of the fractionating column, 
tie benzoUsed oil, which is heated to a temperature of between 
:o° and 120° C, passes into the lower portion of the fractionat- 
g column through a quantity of steel turnings and rings, as 
lown in the diagram. At the base of the column there is a 
nail chamber into which a volume of steam is passed. The 
earn meets the hot oil as it passes through the mass of turnings 

^ See Gas World, Jan. 27, 191 7, pp. 61-66. 
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and rings. It should be noted that the upper portion of the 
column is filled in a similar manner to the lower portion. By 
a proper adjustment of the steam a 65 per cent, benzol can 
readily be obtained from the benzoHsed oil. It is possible to 
obtain as high as 80 per cent, benzol, but if this quaUty is main- 
tained a certain amount of benzol returns with the oil to the 
storage tank. 

The benzol condenser D is made from 2-inch lead pipe, and 
is attached to a small syphon pot at the lower end in which a 
separation of the water from the benzol is effected. 

In the working of the Southport plant the steam is so 
regulated that the condensed water coming along with the 
benzol is equal in volume to the crude benzol. 

The plant is capable of debenzolising 250 gallons of benzolised 
oil per hour, and the maximum amount, 264 gallons of 65 per 
cent, benzol, may be recovered in one day. 



CHAPTER XIX 
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Kxamination of tar — ^pyridine tests — -pitch tests — examination of creosote 
oil — ^benzol testing — ^valuation of crude naphtha — ^naphtha testing — 
valuation of light oil — cresylic acid tests — testing metacresol by the 
long or short cresylite test — carbolic acid tests — anthracene tests — 
examination of caustic lic^uors, spent liquors and lime mud — ^testing 
coke furnace gases — exammation of coke-— determination of benzenoid 
hydrocarbons in coal gas — ^testing benzolised and debenzolised oil — 
determination of naphthalene in coal gas — ^Dr Colman's method of 
estimating the percentage of benzene, toluene, and xylene in toluol. 

Examination of Tar 

Water, — ^A quick method of determining this substance in tar i^ as 
follows : One hundred grammes of tar are weighed into an 
8-oz. tubulated retort with a long beak, and 20 to 28 c.c/^ of 
benzol added. The lot is mixed together carefully, and the 
retort is then suspended on a retort stand. A small flame, 
preferably that obtained with a Rose burner, is placed under 
it, and the water and benzol which comes over collected 
in a measure placed under the beak of the retort. The 
speed of the distillation must be regulated so that the whole 
of the distillate is condensed. With this method, the water 
comes over between from | of an hour to an hour, without 
frothing. 

Another method which gives excellent and rapid results, 
but which requires a little more apparatus, is carried out as 
follows : Into the tubulure of an 8-oz. retort is fitted a funnel 
sufficiently large to hold 150 grammes of tar. The stem of 
the funnel is shortened and the bore closed by heating in a flame 
to produce an orifice of about A inch in diameter. On the end 
of a length of glass rod a small piece of india-rubber tubing 
is placed, and this is inserted into the stem of the funnel, as 
shown in Fig.. 71. A 100 c.c. measure is required to collect the 
distillate. The retort must have a long beak, or, better, should 
be connected to a 12-inch Liebig condenser. Into the retort 
is placed about 50 c.c.'s of heavy naphtha, free from naphtha- 
lene, and 100 grammes of tar are weighed into the funnel. The 
naphtha is now brought to a boil, and immediately the same 
commences to distil the tar is allowed to run into it through 
the small orifice in the funnel stem. It will be found that in a 
few minutes after the tar has left the funnel the whole of the 
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water contained therein has distilled over. With care this 
operation requires from between 20 minutes to half an hour, 
S. R. Church recommends the following method : Measure 
50 c.c.'s of coal tar naphtha, or light oil (which must be free 
from water), in a 250 c.c. measuiing cyhnder. Two hundred 
c.c.'s of tar are then added and the lot mixed. Transfer the 
contents of the cyhnder to a small copper still, and wash out 
the cyhnder with 50 to 75 c.c.'s more of naphtha, adding the 
washings to the contents of the still. The still is connected 
up to a tube condenser having a water jacket I5i inches long. 
Hext is then apphed by means of a ring burner and distillation 
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carried on until the thermometer indicates a temperature of 
205° C. The distillate is collected in a separatory funnel, into 
which 15 to 20 c.c.'s of benzol have been previously placed. 
The addition of the benzol effects a clean separation of the 
water from the oil. The water is run off into a measure and 
the volume read. 

Specific Gravity. — Frequently the specific gravity of tar is 
taken by means of a Twaddell hydrometer. In carrying out 
the test with this instrument, the tar should be brought to 
60° Fahr. (15.5° C). When this temperature is obtained, the 
hydrometer is carefully placed in the centre of the tar, which 
is contained in a specific gravity jar, and plenty of time allowed 
for the hydrometer to sink. 

Church recommends the following method for taking the 
specific gravity of tar ; Between 300 to 400 c.c.'s of tar are 
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dried in the same apparatus as used for the water determination 
but without the addition of naphtha. The distillation is carried 
on until a temperature of 170° C. is reached. Any oil which has 
distilled over is carefully separated from the water and returned 
to the tar in the still and thoroughly nuxed in after cooUng. 
The specific gravity is carried out on this dehydrated tax in a 
specific gravity bottle of the Hubbard type, whose water capacity 
at 15.5° C. (60° Fahr.) has been determined by experiment. 
Ten grammes of tar are introduced at a temperature of 40 to 
50° C. into the weighing bottle, and the weight taken after cool- 
ing. Freshly boiled distilled water is then added, and the 
bottle kept in a bath at 15.5° C. until no further contraction takes 
place. The water is then adjusted to the mark, and the bottle 
removed from the bath and weighed. Weight 
of tar divided by the weight of the water dis- 
placed will give the specific gravity. 

Another method of taking the specific gravity 
is to place about 200 c.c.'s of tar in a large 
covered beaker and immerse the same in warm 
water, the temperature of which must not ex- 
ceed 50° C. This will cause entangled am- 
moniacal Uquor to collect on the top of the tar, 
when it is removed either by decantation or 
absorbing it with blotting-paper. A portion of 
the dehydrated tar is then placed in a specific 
gravity bottle (Regnault type) and the determina- 
tion taken at a temperature of 15.5° C. 

Lunge estimates the specific gravity of tar by 
employing a weighing bottle of the shape illus- 
trated in Fig. 72. This bottle is provided with cfaVS^tielo? 
a rill, R, 2 mm. 's wide. The specific gravity is Tar Testing, 
taken as follows : The weighing bottle is first 
weighed empty, and then again after fiUing it with water at 
15.5° C. The bottle is then dried, dehydrated tar poured into it 
until it is about two-thirds full, and the bottle, without its 
stopper, is then placed into hot water for about an hour, 
in order to disperse air bubbles. The weighing bottle and 
contents are then allowed to cool to a temperature of 
15-5° C. and weighed. The bottle is now filled with dis- 
tilled water, the stopper inserted, and any water which issues 
from the rill is removed, and the whole allowed to stand 
in a vessel containing water of a temperature of 15.5° C. 
for about an hour, after which the weight is again deter- 
mined. The specific gravity is found by the following calcula- 
tion : (a) Equals the weight of the empty bottle; (b) equals 
the weight of the bottle filled with water ; (c) equals the weight 
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of the bottle plus the tax ; (d) equals the weight of the bottle, 
tar and water ; (s) equals specific gravity. 

s = 



b + c-(a + d) 

Free Carbon. — ^The methods of determining this material 
are fairly numerous, but the one which in the writer's opinion 
gives the best result is that devised by Hooper. This method 
unfortunately takes a considerable time to carry out, and on this 
account the writer modified it, and by doing so reduced the 
time to about one quarter of that which is required to carry out 
Hooper's test. The degree of accuracy is in favour of Hooper's 
test, but in the case of the writer's method the amount of 
error is not a very serious one, and where time is an important 
matter it may be used. Hooper's test is carried out as follows : 
Ten grammes of tar are weighed into an extraction thimble, 
which is then closed with a cotton wool plug and placed into a 
Soxhlet apparatus. The thimble and plug are previously ex- 
tracted with the solvents used in the process, dried and weighed. 
The tar is then extracted with {a) 90's benzol, (b) 90 per cent, 
at 140*^ C. pyridine bases, and (c) unmineralised methylated 
spirit, extracting 50 times with each solvent. The thimble is 
then removed, dried in a steam-oven, and weighed when cold. 

The following is the writer's method of determining free 
carbon in tar : An extraction-thimble, plug of cotton wool, 
and hd of filter paper are extracted, first with 98 per cent. 
cresyUc acid, and then with 90's benzol, until extractions are 
colourless. The lot are then dried and tared. Ten grammes of 
tar are weighed into the thimble, the plug inserted, and the 
filter-paper cap placed over and held in position with a piece 
of thin platinum wire. The prepared thimble is then placed in 
a Soxlilet apparatus and allowed to soak in 90's benzol for a 
quarter of an hour, after which four extractions with 90's benzol 
are made. Extraction with 98 per cent, cresylic acid is then 
commenced, and continued until it runs away colourless, after 
which 90's benzol is passed through the apparatus until it shows 
no colour. The thimble is then removed from the Soxhlet tube, 
dried in a steam-oven and weighed when cold. 

S. R. Church has adopted a very compact and simple extrac- 
tion apparatus (Fig. 73), for use in the estimation of free carbon 
in tar, which in the writer's hands has given excellent results. 

Sulphur. — It is sometimes desirable to estimate this sub- 
stance in coal tar, and a good test is recommended by A. Ren- 
fred Myhill. A full description of the method is given in 
The Gas World for ist February 1913. Briefly, it consists of 
igniting in a special manner a weighed quantity of tar with 
anhydrous sodium carbonate in a nickel crucible. After the 
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fusion the mass is lixiviated with distilled water. Any sodium 
sulphite in solution is oxidised with bromine water and the total 
sulphate determined by the usual method with barium chloride 
and the result calculated to sulphur. 

Ash. — ^This may be carried out by igniting carefully 5 or 
10 grammes of tar in a 
large open porcelain or 
platinum crucible. 
Every precaution must 
be taken at the begin- 
ning of the operation 
to avoid frothing over, 
especially if the tar con- 
tains an excess of en- 
tangled hquor. Dehy- 
drated tar may be used 
for the estimation if 
desired. 

Testing Tar for Yield 
of Products, — Some- 
times it is desired to 
determine in the labora- 
tory the yield of pro- 
ducts wluch may be 
obtained from a certain 
sample of coal tar. 
Laboratorv tests for de- 
termining the yield of 
crude naphtha, Ught 
oil, creosotes, pitch, etc., 
are not very satisfac- 
tory, and will not give 
more than an approxim- 
ate idea of what may 
be expected in the 
works. It is far better 
to erect in the works an 
experimental still which 
will deal with say 5 
cwts. or even a ton, or, 
better, to work through a charge of say 15 or 20 tons of the tar. 
There are occasions, of course, when this cannot be done, and 
then at least two gallons of tar should be distilled in the labora- 
tory. This may be carried out in a specially made copper still, 
cylindrical in shape, the diameter being a Httle less than the 
height, and provided with a vapour pipe, a safety valve and a 
thermometer, using a high-pressure gas burner to supply the 
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Fig. 73. — ^Apparatus adopted by Church for the Deter- 
mination of Free Carbon in Tar. 
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heat, and surrounding the still with fire-bricks. The vapour 
pipe of the still is connected up to an i8-inch liebig condenser 
through the jacket of which, during the distiUing off of the 
crude naphtha and the first portion of the light-oil fraction, 
cold water is allowed to flow. After the first portion of the 
light-oil fraction has come over the jacket is filled with hot 
water in order to prevent choking with naphthalene salts. 
The thermometer bulb should be in the vapours and as near the 
outlet of the vapour pipe as possible. Fractions are collected 
according to the requirements of the works manager ; in a 
general way, however, the following may be taken as a guide : 



Crude naphtha, up to 
Light oil, between 
Middle oil. 
Heavy oil. 
Pitch, above 



ft 



ft 



170° C. 
170-240° c. 
240-270° c. 

270-350° c. 
350° c. 



The following table by J. M. Weiss will no doubt prove 
useful to tar works' chemists : 



Source of Tar. 


Free Carbon, 
percent. 


Specific Gravity 
at 60" F. 


Coefficient of Expansion 
for • F. 


Water gas tar . 


1.04 


1.073 


0.0003750 


Water gas tar . 


1.08 


1.090 


0.0003550 


Gasworks coal tar 


16.67 


1.203 


0.0003125 


Gasworks coal tar 


18.53 


1.205 


0.0003125 


Gasworks coal tar 


27.50 


1.249 


0.0003100 


Gasworks coal tar 


33.17 


1.296 


0.0002700 


Coke oven coal tar . 


8.97 


I.185 


0.0003375 


Coke oven coal tar . 


5.27 


1. 193 


0.0003350 


Coke oven coallar . 


4.04 


1. 178 


0.0003300 


Coke oven coal tar . 


6.72 


I.I95 


0.0003250 


Coke oven coal tar . 


6.65 


I.I97 


0.0003125 


Coke oven coal tar . 


9.10 


1.203 


0.0003125 


Coke oven coal tar . 


19.06 


1.258 


0.0003075 


Coke oven coal tar . 


15.02 


I.23I 


0.0003050 



Pyridine 

The specification issued by the German Federal Council for 
testing rectified p3nidine bases is as follows : 

Water, — ^This must be under 10 per cent, (it is often required 
that the water be not over 7 per cent.). The determination is 
carried out as follows : Into a special burette (see Fig. 74) 
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23 c.c.'s of 80° Tw. caustic soda, which must be perfectly clear, 
are carefuUy run. and if necessary after standing a short time 
adjusted. On to the top of the soda 25 c.c.'s of the p3nidine 
bases to be tested are placed, a cork inserted into the neck of the 
burette and the contents gently shaken, after which they are 
allowed to stand for a short time, to separate. The 
increase in the volume of caustic soda inchcates water. 

Distillation, — Not less than 90 per cent, should 
distil over up to a temperature of 140° C. when 100 
c.c.'s of the bases are distilled in a Wurtz distillation 
flask, the bulb of the thermometer being opposite the 
outlet tube. 

Colour, — ^This must not be darker than a solution 
of 2 c.c.'s of N/io iodine solution in one Utre of distilled 
water. 

Solubility, — ^The sample must be completely miscible 
in water to a clear solution. When 20 c.c.'s of the bases 
are mixed with 40 c.c.'s of water there should be no 
separation of oily drops. 

Ammonia, — ^This must be absent. 

The bases are required to answer the following test : 
Ten c.c.'s of a i per cent, (by volume) solution of bases 
must give a white precipitate with 5 c.c.'s of Nessler's 
solution. 

Cadmium Chloride Test, — ^Ten c.c.'s of i per cent, (by ^s^ttefOT 
volume) solution of the p3nidine bases when nuxed Testing Py- 
with 5 c.c.'s of 5 per cent, aqueous solution of anhy- yj^ti, ^^^ 
drous cadmium chloride and shaken vigorously should, 
almost immediately, yield a distinctly crystaUine precipitate. 

Titration Test. — ^To i c.c. of the bases dissolved in 10 c.c.'s 
of distilled water, N/i H2SO4 is added from a burette until a 
drop of the mixture gives a distinct blue colour or border on 
Congo paper. At least 10 c.c.'s of acid must be required. The 
Congo paper is prepared by soaking filter paper in a one per 
thousand solution of congo red, and allowing to dry at ordinary 
temperature. The paper should be prepared just before the 
titration is carried out. 

In the new specification for pjoidine bases the distillation 
requirements vary from those just given, thus : Up to 140° C. 
the bases should yield 50 per cent, and up to 160° C. 90 per cent. 
The titration test is carried out in the same manner, but i c.c. 
of the bases dissolved in 10 c.c.'s of water should require at 
least 9.5 c.c.'s of N/i HgSO^^ 

Test for Oil in Crude pyridine, — ^About 250 c.c.*s of the 
sample are dried with 80° Tw. caustic soda. Of this dried 
pyridine bases 100 c.c.'s are taken and distilled in a Wurtz flask 
until 10 c.c.'s have come over. To this volume 90 c.c.'s of di> 
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tilled water are added and the lot shaken. If the solution be- 
comes turbid oil is indicated. In this case a further lo c.c.'s 
are distilled over into another measure and 90 c.c.'s of distilled 
water added. After mixing, should the solution become turbid, 
then the batch is rejected as unsuitable and requiring further 
treatment. 

Valuation Test of Crude Pyridine 

Water. — ^This is carried out in the manner descrij)ed under 
German specification for rectified bases (page 230). 

Distillation. — ^Two hundred and fifty c.c.'s of the sample 
are dried by shaking with three separate quantities of 80° to 
90° Tw. caustic soda, the volume in each case being about 100 
c.c.'s. The dried pyridine is measured, and then placed into 
a 300 c.c. round-bottomed distilUng flask, to which is fitted a 
le Bel Henninger fractionating head. This head should be 
provided with three bulbs, and have an overall length of about 
20 inches, the distance between the bottom of the head and 
the outlet of the deUvery tube being approximately 13 inches. 
The fractions are collected as follows : From drop to 140° C. 
(refined pyridine) ; from 140 to 160° C. (heavy refined pyridine) ; 
from i6q to 180° C. (heavy bases). The refined pyridine fraction 
is tested for {a) water ; (b) oiUness ; and (c) percentage of 
distillate at 140° C. Methods of carrying out these tests have 
already been described. 

Estimation of Pyridine in Naphthas, etc. 

Rough Method. — Into a 100 c.c. stoppered test nuxer 50 c.c.'s 
of dilute sulphuric acid (i : 2) are placed. On to this are run 
50 c.c.'s of the oil to be tested, the stopper inserted, and the 
contents well shaken and allowed to settle. The decrease in 
the volume of the oil or the increase in that of the acid indicates 
the amount of pjnridine contained in the 50 c.c.'s of oil. 

A more Accurate Method. — ^Take 500 c.c.'s of the naphtha, 
place in a separating funnel and wash with 20 per cent, of 
dilated B.O.V. (i acid 2 water) in two lots of 40 c.c.'s and one 
of 20 c.c.'s. Carefully separate the acid extracts, bulk them, 
. place in a steam distillation apparatus, make alkaline with 40° 
Tw. caustic soda, and then steam distil until about one-third of 
the original bulk in the distiUing flask has been collected. Place 
this distillate in a separating funnel and add 90° Tw. caustic 
soda until no more oil separates, allow to rest, carefully run off 
'the subnatant alkaline liquor, dry the pyridine bases with a 
Uttle 90° Tw. caustic soda, separate most of the alkaU and then 
run the remainder with the bases into a narrow measuring 
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tube, rinse out the funnel with a little 90° Tw. caustic soda into 
the tube, allow to rest, and read off volume of pyridine bases. 

Pitch Tests 

The usual tests apphed to pitch are : (a) Determination of 
twisting point, (b) ash, and (c) volatile matter. Occasionally it 
is required to estimate the specific gravity and the free carbon. 

Specific Gravity, — ^This is estimated by the usual displacement 
method. . 

Free Carbon, — ^The method used for estimating this sub- 
stance is the same as that employed in the case of coal tar. Of 
course it is advisable to grind the pitch to a powder, should the 
same be hard enough. 

Twisting Point, — ^There are various ways in which this is 
carried out, and unfortunately this is the cause of many disputes. 
In the writer's opinion it is far better to rely upon a satisfactory 
method of estimating the volatile matter in pitch than any 
method of determining the twist. One method of determining 
the twist is that of Kohler, which is as follows : Pieces of pitch 
^ inch in thickness are placed in water at 60° C, and after 
this has cooled to 55° C, the pitch should be easily twisted 
without breaking. Pitches which answer this test are con*- 
sidered suitable for the manufacture of briquettes. 

Another method is to take a i-oz. sample of the pitch, soften 
it in warm water, and shape it between the fingers until a rod 
of approximately J inch in diameter is formed. This is allowed 
to harden again, and after an interval of about an hour, when 
immersed in water at 60° C, it should easily twist. A pitch 
which answers this test may be employed in the manufacture 
of briquettes. 

Another method which is used to determine the twisting 

point of pitch for the manufacture of patent fuels is to immerse 

a piece of pitch 4 inches long and | inch in diameter in water at 

a temperature of 60° C. for two minutes. After the expiration 

-of this time it should bend without breaking. 

A method which is used to determine the twisting point of 
any quality of pitch is to take a sample of the pitch, heat it 
(in water) sufficiently to make it pliable to the fingers, and then 
form a rod about 2 inches long and I inch in diameter. This 
rod is allowed to harden, and then suspended on a piece of string 
so that it hangs inside a beaker containing cold water. A ther- 
mometer is also suspended inside the beaker, the bulb of which 
should touch the rod of pitch. The beaker is placed on a piece 
. of wire gauze, and heated with a Rose flame at such a rate that 
the water increases in temperature 2° Fahr. per minute. It is 
necessary that the water be stirred very frequently to ensure 
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an even temperature, and the pitch occasionally lifted out and 
an attempt made to twist it. When it is possible to twist the 
sample two or three times with only a shght effort the twisting 
point is found. 

Melting Point, — ^To determine this, S. R. Church recommends 
the following : 

A ^-inch cube of the pitch to be tested is formed in a 
mould, care being taken not to heat the pitch unduly long or 
at a higher temperature than necessary. A 600 c.c. beaker is 
supported on a wire gauze over a bunsen burner, and hanging 
into the beaker are a thermometer and a copper wire (No. 12 
gauge) hook. The cube of pitch is placed on this hook and 
suspended in the beaker at such a height that the bottom of 
the cube is just i inch above the bottom of the beaker. Water 
to the amount of 400 c.c. is placed in the beaker and the tempera- 
ture brought to 15.5° C, and the pitch is allowed to remain 
five minutes in this water before heat is apphed. The water 
is to be heated at such a rate that its temperature is raised 
5° C. (9° F.) per- minute. Immediately the pitch touches the 
bottohi of the beaker the temperature is noted and recorded 
as the melting point of the pitch. (To prevent the melted 
pitch from sticking to the beaker, place a small piece of paper 
on the bottom and suitably weight it.) This method is employed 
for pitches which possess a melting point between 43° and 77° C. 

For pitches with a melting point below 43° C. immerse the 
cube of pitch in water at a temperature of 4° C. (40° F.) for 
five minutes before commencing the heating. 

If the pitch to be examined melts above 77° C. use cotton- 
seed oil instead of water, immersing for five nunutes at a 
temperature of 15.5° C. before heat is apphed. 

Volatile Matter in Pitch. — ^There are several methods of de- 
termining this, and unfortunately there is no standard one. 
The writer made a considerable number of experiments, some 
httle time ago, on the subject of the determination of volatile 
matter in pitch, and pubhshed many of the results in a paper 
read by him before the Midland Junior Gas Engineering Associa- 
tion.i The method which seemed to give the best results is as 
follows : A porcelain crucible 4 cm. in diameter and 2\ cm. 
deep, containing 2 grammes of ground pitch, is placed in a Leune 
furnace (such as is suppHed with a Meker burner), with the hd 
on, the top portion of the furnace being removed. A No. 2 
size Meker burner is used. The heating is extended over a 
period of ten minutes, and the flame kept at full blast the whole 
time. The furnace cover is put on after the first five minutes 

1 " Investigations of Coal Tar and some of its Products." Transactions 
of the Junior Gas Associations, volume 2, page 105. The Gas World, 
March 2, 1912, p. 284. 
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has elapsed. The crucible, without the Hd, is then allowed to 
cool in a desiccator and weighed, the loss being the volatile 
matter. 

Ash in Pitch, — ^This may be detemuned by igniting the residue 
left after the detennination of the volatile matter, or igniting a 
freshly weighed-up portion. The method of estimation is quite 
simple and does not need any description. 

Creosote Oil 

Much has been written on the testing of coal tar creosote, 
but up to the present it seems that none of the methods pubhshed 
have been accepted as standard ones. The usual tests to which 
creosote is submitted are : Determination of specific gravity ; 
and the estimating of the percentage of water, phenols and 
naphthalene, and also a distillation test in order to determine 
the distiUing range. Occasionally the percentage of free carbon 
and p5Tidine bases are estimated. Other tests which are some- 
times apphed are the solubility of the sample in benzol, the 
solubihty in dimethyl sulphate, flash point, and coefficient of 
expansion. 

Specific Gravity, — ^This is determined in a fairly accurate 
way by the use of a hydrometer, making a correction for 
temperature, or, better still, cooHng a sample down to a pre- 
arranged temperature. It is not sdways possible to take the 
gravity of a creosote at 15.5° C, as sometimes at this tempera- 
ture the material is solid or semi-soHd. When the oil is hquid 
at 15.5° C. then it is as well that the gravity be taken at that 
temperature, but should the oil be sohd, then it i3 necessary, 
of course, to estimate the gravity at a higher one. Sage re- 
commends taking the specific gravity of salty creosotes at a 
uniform temperature of 60° C. Butterfield suggests that the 
gravity of salty creosotes should be determined at the tempera- 
ture at which the oil is fully hquid. Often specifications state 
at what temperature the gravity should be taken, but seldom 
do they mention the method by which the determination is 
to be made. If it is desired to obtain a more accurate test, 
then the picnometer or Regnault gravity bottle should be used. 
Some chenusts recommend the employment of a Westphal 
balance. 

Percentage of Water. — ^This is determined by distiUing a 
measured quantity of the creosote in a retort until no more 
water is given off. The quantity of oil taken is generally 100 
c.c.'s, and the beak of the retort into which it is placed should 
be long and preferably surrounded by a piece of wet blotting- 
paper, arranged so that it is possible occasionally to re-moisten 
it during the distiUing operation. In any case care must be 
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taken that the distillation is not conducted too rapidly, or else 
some of the water will not be condensed and will escape as steam. 
Oil, of course, distils over with the water and sometimes does not 
separate well in the graduated cylinder in which it is collected. 
In order, therefore, to bring about a clean separation it is advis- 
abfe to introduce into the cylinder about lo c.c.'s of 90's benzol 
or solvent naphtha. This wiU hold in solution any naphthalene 
which may distil over, should the creosote be a very salty one, 
and in all cases will result in a clear reading being obtained. 
It is possible, of course, to estimate the percentage of water in 
a creosote at the same time as the test is being made for distilling 
range, and reference will be made to this when dealing with the 
fractionation of a creosote. 

Phenols. — There are several methods of estimating phenolic 
bodies in creosote. In many laboratories it is determined by 
taking a measmred quantity, generally 100 c.c.'s of the creosote, 
and placing it in a separating funnel, and then washing it 
with two or three successive quantities of caustic soda solution 
of about 40° Tw. The volumes of soda used are approximately 
20 or 25 c.c.'s for each operation. The soda washings are mixed 
and acidified with dilute sulphuric acid (i : 3) and the phenols 
which are thrown up separated and measured. Of course, should 
the oil be very salty, it is necessary to heat it to a temperature 
at which it will remain liquid and also to heat the soda a little 
before adding it. In cases of this kind the temperature at which 
the oil is measured should be noted and the tar adds separated 
should be measured at the same temperature. On the other 
hand the creosote may be. weighed and the tar acids which 
are separated weighed also. Should the creosote be liquid at 
normal temperature, then a rough method for determining the 
tar acids is the following : Fifty c.c.'s of 40 Tw. caustic soda 
are placed in a 100 c.c. graduated and stoppered test mixer. 
On the top of this are run 50 c.c.'s of the creosote, both materials 
of course being put into the cyhnder at the same temperature. 
The contents of the mixer are agitated and then allowed to 
stand to separate. The increase in volume of the soda or the 
decrease in volume of the creosote will give, when multiplied 
by two, the percentage of tar acids. 

Another method of estimating the phenols is to distil 100 
c.c.'s of the creosote in a retort and collect all that will come 
over up to 315° C. The distillate is heated if necessary and 
agitated in a separating funnel with three successive quantities 
of 25 c.c.'s each of caustic soda solution of a strength of 40° Tw. 
These soda extracts are carefully separated and mixed together, 
placed in a clean separating funnel and shaken out with a small 
quantity of ether in order to remove any entangled hydrocarbon 
bodies. This extracted soda solution is carefully separated 
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from the ether and heated on the water-bath in order to drive 
off any ether which has remained in solution. It is then cooled 
and rendered just acid with dilute sulphuric acid, made by 
mixing one part of the acid with three of water. The acidi- 
fication is conveniently conducted in a separating funnel, and 
after allowing a period of rest for separation, the greater part 
of the acid sodium sulphate solution may be run off and the 
remainder, together with the phenols, run into a graduated 
cylinder, and the volume of the phenols read off. These phenols 
will of course contain a certain amount of dissolved water. 

Church recommends distilHng loo c.c.'s of the creosote, 
measm-ed at limpid point, in a Jena Wurtz flask. The flask is 
connected to an air condenser tube, wliich is kept warm by a 
Bunsen flame during the operation, to prevent the distillate 
from soUdifying. The operation is continued until 95 per cent, 
of the creosote has been collected into a specially graduated 
separating funnel. The contents of the separating funnel are 
warmed to 60° C. in water and the volume read off. Fifty c.c.'s 
of a 10 per cent, solution of caustic soda are now added, and the 
mixture shaken well and allowed to settle. The clear soda 
solution is carefully removed, the oil warmed again to 60° C. 
and the shrinkage noted. Another 30 c.c.'s of caustic soda 
solution are added, shaken, separated, etc., and any further 
shrinkage noted. This operation is repeated until no further 
shrinkage takes place, and the total shrinkage of the oil is taken 
as the percentage of tar acids present in the original sample. 

'Naphthalene, — ^There are several methods of estimating this 
material in creosote, and it is very difficult to say which of these 
methods gives the most accurate results. A rough method of 
estimating this material is the following : Twenty-five grammes 
of the creosote are weighed in a beaker to the second decimal 
place, and kept at a temperature of between 50° and 60° F. for 
twelve hours, then at 60° F. for two hours, with constant stirring. 
The contents of the beaker are then carefully but rapidly trans- 
ferred to a large filter paper supported in a funnel, which in its 
turn is supported in a water jacket, the water of which is kept 
at a temperature of 60° F. Draining is allowed to take place 
until the mass becomes fairly solid on the filter paper, when 
the filter paper and the contents are removed from the funnel, 
the top of the paper folded over and the lot placed between 
folds of blotting-paper and pressed under a copying press. 
The latter portion of this operation must be conducted very 
rapidly, in order to avoid any serious rise in temperature. 
After the pressing, the naphthalene is very carefully scraped 
off the filter paper into a tared dish and weighed. Sometimes 
the creosote is cooled to 32° F. (0° C.) for four, twelve, or twenty- 
four hours before separating the naphthalene as just described. 
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Sage recommends that the naphthalene should be estimated 
in the fractions of creosote distiUing below 270° C, and not in 
the entire oil, by filtering the cooled distillate through filter 
cloth and pressing between bibulous paper. Mann estimates 
naphthalene by determining the " latent heat point " in a 
special apparatus. The method is fully described in the original 
paper by this worker.^ 

The apparatus used in Mann's method is illustrated in Fig. 75 
and the test is made as follows : A portion of the sample, about 
50 c.c.'s, is distilled from a small retort until 
incipient decomposition of the residue is 
observed, and the collected distillate is wanned 
until wholly fluid and then well mixed. The 
small tube A is removed from the apparatus 
and filled about two-thirds with the distillate. 
This is gradually cooled, stirring all the time 
. I ij- g with a thermometer calibrated in 0.2° C, until 
If it becomes opaque, owing to the formation of 

I crystals, and the temperature at which the 

u opaqueness appears is noted. The water in 

the water-jacket C and the air-bath B {see 
Fig. 75) are then brought to a temperature two 
or three degrees lower than the opacity point 
temperature just obtained. The distillate in 
A is then re-melted and again cooled carefully 
to opacity point, when the tube is placed into 
B. Then the thermometer in .\ is adjusted so 
jlj that it is quite central and the bottom of its 
h bulb about 2 cm.'s from the bottom of the 
" tube. The temperature will be noticed to rise 
shghtly and then remain constant for about 
half a minute, after which it commences to fall. The maximum 
temperature reached is taken as the " latent heat point." In the 
original paper a curve is shown, the ordinates of which give the 
" latent heat point " in degrees centigrade and the absciss* 

Eercentage of naphthalene. From this curve and the latent 
eat point obtained, the percentage of naphthalene in any 
sample may be foimd. It is advisable for each worker to plot 
his own curve in the first instance, but the following ligures may 
be useful to those who do not wish to carry out the experimental 
work necessary to construct a cxirve : 



Fja. 7s.— Apparatus uk 
in Mann's Method of Ul, 



30° C. 
34° C. 
' J. C. Mann, J.S.C.I., 
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Actual Percentage " Latent 

of Naphthalene. Heat Point.** 

30 . . . . . . 40° C. 

35 • • • • • • 45-5° C. 

40 ...... 49'^ ^* 

Church recommends the following method : The extracted oil 
from the tar acid estimation (see page 237, Church's method) is 
placed in a copper beaker and kept at a temperature of 15.5° C. 
for fifteen minutes. The mass is then filtered on a perforated 
funnel connected to a suction pump and sucked dry, and the 
naphthalene in the filter then pressed between blotting-paper in 
a letterpress to remove all oil, and weighed. The percentage of 
this material is figiu"ed on the weights of original oil as given 
by the specific gravity at the Hmpid point. Church estimates 
the limpid point by taking 5 c.c.'s of the creosote in a test tube 
at 60° C. cooling, and stirring with a thermometer until the first 
crystals begin to form (limpid point). Cooling in water should 
be carried out if necessary. 

Distilling Range. — ^A very usual practice for obtaining the 
distiUing range of a creosote in this country is to distil 100 c.c.'s 
of the oil in an 8-oz. tubulated retort, no condenser being con- 
nected to the same. The position of the thermometer varies 
according to individual ideas or the requirements of specifications. 
Some recent workers have adopted the use of a Wurtz distiUing 
flask connected to an air-cooled condenser. In the writer's 
opinion the Wurtz flask method is certainly the best. The 
tarworks' chenust will find that specifications require the use 
of either a retort or flask, the size of which may vary. The 
position of the bulb of the thermometer is sometimes not stated ; 
at others, in the case of a retort, it is required to be in the hquid 
at the commencement of the distillation, or else above the hquid, 
and in the case of a distilling flask, just above the surface of the 
liquid at the commencement of the distillation, immediately 
opposite the outlet tube, just below the outlet tube, and just 
above the outlet tube. The rate of distillation is sometimes 
mentioned and at others it is not. As a matter of fact there is at 
the present moment a great need for the adoption of a standard 
method of obtaining the distiUing range of a creosote.^ 

Sage recommencb the use of an 8-oz. retort, the upper part of 
the bulb of which is covered with a tin can packed with asbestos. 
With reference to the position of the bulb of the thermometer, 
this he recommends to be in the liquid at the commencement of 
the distiUation and not more than | inch from the bottom of the 

* " Investigations on Coal Tar and some of its Products," A. R. 
Warnes and W. B. Southerton, Transactions of the Midland Junior Gas 
Association, 1911-12. 
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retort. With reference to the points at which fractions should 
be collected, he gives the following : 

(a) Distillate up to 210° C. 

{b) „ between 210 to 235° C. 

(c) „ „ 235 to 270° C. 

(d) „ „ 270 to 315° C. 

(e) Residue not distilling at 315° C. 

With reference to these points it should be borne in mind 
that usually specifications detail the points at which the fractions 
must be taken. 

Church favours the method given in the Amencan Rail- 
way Engineering and Maintenance of Way Association Bulletin, 
No. 65. In this method a retort is used connected to an air- 
cooled condenser, the maximum distance from the centre of the 
bulb of the retort and the end of the condenser being 24 inches. 
The thermometer, which is a standard one, is inserted in the 
retort in such a fashion that the lower end of the bulb is \ inch 
from the surface of the oil at the commencement of the dis- 
tillation. The retort is covered with an asbestos paper cover 
and supported on a piece of wire gauze. It is heated with a 
bunsen burner surrounded by a chimney. The distillates 
are collected in weighed bottles, and all the fractions determined 
by weight, this necessitating of course the weighing into the 
retort of 100 grammes of the oil. When any measurable 
quantity of water is present in the oil, the distillation should 
be stopped at the point it ceases to come over ; the oil is then 
separated from the water and returned to the retort, when the 
distillation should be recommenced. 

Reports are made on the following fractions : 






to 


170° C. 


170 




200° C. 


200 




210° C. 


210 




235° c. 


235 




270° c. 


270 




315° c. 


315 




335° C. 



Estimation of Free Carbon. — ^This comes under the head of 
insolubiUty in benzol and is determined at the same time as a 
solubihty in benzol test. Sage recommends the following method 
for creosote containing no water. One hundred grammes of the 
creosote should be filtered whilst hot through a tared filter paper, 
and the filter paper afterwards washed with benzol in a Soxhlet 
extraction tube until the benzol runs away clear. The filter 
is then dried and weighed. He considers that in no case should 
more than 0.25 per cent, of insoluble matter be passed without 
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comment. Should the creosote contain more than a trace of 
water this may be driven off first in the usual fashion, separated 
from the oil which comes over, the oil added to the material in 
the retort, and the whole lot, while warm, passed through a 
tared filter paper as just described. 

Pyridine Bases, — ^Thes^. may be estimated in the creosote 
by shaking out say 109. cx.'s in a separating funnel with dilute 
sulphuric acid (i : 2), Using three lots of about 25 c.c.'s each. 
The acid extractions are bulked, washed with a little ether, 
separated, the ether which remains in solution in the acid 
extract driven off on the water-bath, and the pyridine bases then 
thrown up by adding to the acid extract caustic soda of about 
40° Tw. strength. The bases are separated and dried by treat- 
ment with 90° Tw. caustic soda and then their volume read off. 
Occasionally the bases are not extracted from the oil as received, 
but 100 c.c.'s are distilled in the retort up to 315° C. and the 
bases determined in the distillate. 

The Dimethyl Sulphate Test. — ^Dimethyl sulphate will not 
dissolve, to any appreciable extent, paraffin or define hydro- 
carbons, but dissolves benzene and its homologues. On account 
of this fact, this compound has been used to determine approxi- 
mately the amount of mineral oil or paraffinoid bodies in creosote. 
Dr Sommer recommends the following method : Four c.c.'s 
of the distillate are put in a 10 c.c. graduated cyhnder provided 
with a stopper and 6 c.c.'s of dimethyl sulphate added, after 
which the contents are shaken thoroughly for one minute. If 
the distillate is not entirely soluble, a separation will take place 
within a few minutes, and the line of separation, being clear, can 
be easily read. 

Flash Point. — ^As creosote flashes at a fairly high temperature, 
it is not possible to use the Abel test apparatus and obtain satis- 
factory results. The best apparatus to use for determining the 
flash point of creosote is that known as the Pensky-Marten. 
This apparatus consists of an oil cup with cover, to which is 
fitted a stirrer and thermometer. The bath is heated by a spirit 
lamp, or bunsen burner, and the slow and regular heating of the 
oil is ensured by the jacket of air which surrounds the cup. 

Sometimes it is necessary to obtain the open flash of creosote. 
This is determined by taking about 100 c.c.'s in a porcelain basin 
and heating it carefiiUy with a Rose burner, stirring all the while 
with a thermometer. The rate of heating should be about 
one degree per minute, and at every degree a hghted taper should 
be passed near the surface of the oil. The temperature is read off 
inunediately a flash is noticed. 

Coefficient of Expansion. — ^The method of determining this 
constant is not in any way difficult. Sage reconamends the 
following : One hundred c.c.'s of the creosote should be measured 

Q 
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into a flask marked at loo c.c.'s on the neck and graduated in 
one-tenths of a c.c. up to io6 c.c.'s. The volume should be 
first adjusted to loo c.c.'s at 40 C, and the flask then warmed 
in a water-bath to 80° C, and the volume at that temperature 
measured and recorded. The factor most conamonly employed 
is an expansion of i per cent, for a rise of every 22^° F., but this 
is not true for all creosotes or for high tempa"atures as well 
as low ones. Sage has plotted curves obtainea when heating 
samples from 20° C. to 80° C, and the range faUs within very 
narrow limits, his results showing that the increase in volume 
is I per cent, for each 13.3° C, or approximately one per cent, 
for every 24° F. 

Calorific Value of Fuels 

The importance of an accurate method of determining 
the heating values of various solid and Hquid fuels is now con- 
siderable, and for some years the Mahler bomb calorimeter has 
deservedly been held in high esteem by workers in calorimetry. 
By means of this apparatus coals, coal-tar, creosotes and many 
other substances are readily examined, and the results arrived 
at are of an accuracy superior to that obtainable by other 
and perhaps more frequently employed fuel calorimeters. 
Recently, the Mahler bomb has been modified by Kroeker,^ 
and with this improved apparatus it is possible to correct for 
the inclusion of the latent heat of the water vapour, which in 
the furnace of a boiler, for example, escapes, its heat being 
consequently lost. In Kroeker's bomb there are entrance and 
exit tubes, by means of which a current of dry air may, after 
the experiment, be passed through the bomb and the escaping 
gases and water-vapour collected in the usual weighed calcium 
chloride tubes and potash bulbs, allowing of a determination 
of the water and, if desired, of the carbon dioxide produced in 
the combustion. 

In the case of liquid fuels such as tar, creosotes, petroleum 
fractions, etc., the fuel is placed in a small platinum crucible 
suppHed with the apparatus, and the method then carried out 
as for solid fuels, the ignition being made by electrical means. 
The results are accurate, and the apparatus is finding increas- 
ing employment at the present time. Figs. 76 and 77 show the 
general appearance of this calorimeter and the bomb in section. 

Germicidal Value of Coal-Tar Disinfectants 

It has long been recognised that chemical methods of, testing 
disinfectants (especially those of the coal-tar class) are of Hmited 

1 The Kroeker modification of the Berthelot-Mahler calorimeter is 
made in England by Gallenkamp & Co., Ltd., 19 and 21 Sun Street, 
Finsbury Square, London, E.G., to whom the author is indebted for the 
loan of the illustration blocks on pages 243 and 244. 
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value in appraising their value as germicides, and in 1903 
Rideal & W^er introduced their well-known " drop " method, 
using a standard organism (B. typhosus), and comparing the 




Fro. 76.— Berthelot-Mahle 



BonUi by Dr K. Knwkei. 



diluted disinfectant with a solution of pure phenol. In spite 
of much adverse criticism, this method remains the standard 
procedure for testing disinfectants against a " naked " organism. 
To perform the test accurately, many precautions have to be 
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1 obtain trustworthy 

Briefly, the method consists in shaking together 5 drops 
(=0.3 C.C., delivered from a special pipette, of a 24-hours-old 
broth culture grown at 37° C, of B. typhosus, or other standard 
organism selected for the pur- 
pose) with 5 c.c. of a known dilu- 
tion of the disinfectant in sterile 
distilled water and taking out 
from the mixture, for subcultiva- 
tion in broth, a large drop of the 
liquid every 2J minutes up to 15 
minutes. The subcultures are 
incubated at 37° C. for 48 hours, 
when they are examined for signs 
of growth, and the results care- 
fully noted, A tabulated state- 
ment of these results must show 
a positive result (growth) in the 
first column (aj minutes) and a 
negative result (no growth) in the 
last (15 minutes). A standard i 
per cent, solution of pure phenol 
is tested side by side with the 
disinfectant. Four dilutions of a 
disinfectant can be tested with 
the diluted phenol at the same 
time, a special tube-rack holding 
these dilutions and thirty tubes 
of broth (6 sets of 5) being used 
for convenience of working. The 
efficiency of the disinfectant is 
expressed in terms of the 
standard phenol solution, and 
when a dilution of the disin- 
fectant has been found which 
has the same germicidal value 
, in the above test as the standard 
phenol solution, the former is 
divided by the latter, when the 
Rideal & Walker coefficient is obtained. Thus if a i in 70 
solution of a disinfectant has the same action as a i in 80 solution 
of phenol, the tested disinfectant is not so strong as phenol, 
and the coefficient is 70/80 or 0.87 (E.W. coefficient). 

A number of precautions must be taken, chief amongst which 
are : The temperature must not vary more than 2° C. during 
the carrying out of the tests ; pipettes, tubes and measures. 
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etc., must be sterile ; the solidifying point of the standard 
phenol used for making the test solution must not be below 
40° C. — ^phenol containing cresols is inapplicable; the broth 
used for cultiures should be a " Lemco ' broth of prescribed 
composition, standardised to a +1.5 per cent, reaction (when 
B. typhosus is the test organism). 

Further details for carrying out this important test will be 
found in Moor and Partridge's Aids to Bacteriology, third edition, 
1916, pp. 258 et seq. 

It will be seen that in the Rideal- Walker test, the culture 
organism is exposed to the disinfectant in a " naked " condition ; 
that is to say, the conditions of the test do not approximate to 
the actual circumstances of practical disinfection, where generally 
the disinfectant comes into contact with pathogenic and other 
organisms together with much organic matter of varying nature. 
For this reason, it has been suggested that extraneous organic 
matter should always be present in the test. It is, however, 
a matter of some difficulty to prescribe a standard uniform 
organic addition in suitable amount ; and for this reason the 
Rideal- Walker test in its accepted form should always be carried 
out without added organic matter, this material being added 
if desired in another series of tests made separately. The 
addition of any organic matter tends to lower (sometimes appre- 
ciably) the carbohc acid coefficient of the disinfectant. 

Benzol 

Specific Gravity. — ^This is determined with an ordinary 
specific gravity hydrometer after cooling the benzol to 15.5° C. 
Some chemists take the gravity at the temperature of the 
laboratory and correct it by adding .001 to the specific gravity 
reading for every 2° F. above 60° or subtracting the same 
figure for every 2° F. below 60°. This method is not to be 
recommended, as the factor is not accurate for all temperatures. 
The best method of estimating the specific gravity of this 
material is to use the Regnault specific gravity bottle. 

DiUillaiion. — For making rough works' tests, such as deter- 
mining the percentage given off from a sample obtained from 
the worm end of the benzol still, an 8-oz. retort is used, connected 
to a Liebig condenser and supplied with a benzol testing ther- 
mometer, which is graduated from 70° to 130° C. in one-fifths of 
a degree. The length of the Liebig condenser is about 30 inches 
and the condenser tube about i inch wide. The thermometer 
is fixed so that the bottom of the bulb is about | inch from the 
bottom of the retort. A Rose burner is used to heat the contents 
of the retort, and the distillation should proceed at the rate of 
about two drops per second. It should be added that benzol is 
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One hundred grammes of benzol are nitrated with 125 granunes 
ol sulphuric acid, specific gravity 1.84, and 125 grammes of 
nitric add of a specific gravity of 1.5, at a temperature not ex- 
ceeding 30° C. The crude nitro-benzol is separated from the 
acid liquid in a separating funnel, neutralised with caustic soda, 
and distilled by means of steam until a sample of the distillate 
sinks in water. The distilled oil is separated from water and 
placed in a 50 c.c. stoppered and graduated cylinder, and to 
this 15 to 40 c.c.'s of the mixed sulphuric and nitric acids, made 
as before described, are gradually added with occasional shaking 
until the volume of the oil ceases to diminish. Any unchanged 
benzene and toluene are dissolved in the acid nuxture, and the 
fatty hydrocarbons, being unacted upon, will float on the top 
and their volume may be read off. This volume is calculated 
as amounting to 60 per cent, of the fatty hydrocarbons actually 
present, and the test is only made if there is reason to expect 
a somewhat large proportion of these substances. 

Valuation of Crude Naphtha for Yield of Benzol, etc. 

Crude naphtha and crude benzol are examined for the yield 
of Ught products in the chemical laboratory by the following 
method : Five hundred c.c.'s. of the oil are placed in a dis- 
tilling flask fitted with a 5-bulb Glinsky or le Bel Henninger 
distiUation head. The dehvery tube of this latter piece of 
apparatus is connected up to a Liebig condenser. Distillation 
is commenced and the amoimt of distillate which comes over 
below 200° C. is collected and the percentage read off. This 
distillate is then washed, first with about 60 c.c.'s of 60° Tw. 
caustic soda, using a separating funnel. The alkaline Hquor 
which separates is carefully removed and the shrinkage in the 
oil carefully measured. The oil is then washed once or twice 
with water, care being taken of course to prevent loss of oil when 
separating the water, and then agitated w4th B.O.V. of about 
140° Tw., two washes of 2^ per cent, being given. The acid 
Uquor which separates is carefully removed, and the oil then 
given one or two water washes, after which it is washed with 
50 c.c.'s of 20° Tw. caustic soda and then with one wash of water. 
It is then allowed to rest to separate the last traces of water, 
and the shrinkage of oil carefully measured. The entire quantity 
of the washed oil is now placed into a distilling flask fitted with 
a GHnsky or le Bel Henninger head, as just described, and the 
following fractions are. collected : 

Drop to 100° C. equals 90's benzol. 
100 „ 120° C. „ so's-go's benzol. 
120 „ 160° C. „ solvent naphtha. 
160 „ 190° C. „ heavy solvent. 
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The bottoms are also measured. It should be added that tbe 
volumes of these fractions will give only an approximate idea of 
what is obtained in the works, but at the same time they fonn 
a useful guide when buying say crude benzol or crude naphtha. 

In the case of crude naphtha the percentage at 120° C. is 
often determined by u^ng a retort and condenser as just de- 
scribed under benzol tests, and of course the specific gia viiy 
is always taken. It is advisable to test the crude naphtha ^t 
tar acids and basic bodies by the methods already given. 

Naphthas 

Distillation. — ^The various quaUties of naphtha are tested ki a 
similar apparatus to that used for benzol, whether it is required 
to control the working of the naphtha still or the quahty of 
the products to be offered for sale. A special thermometer is 
used, graduated from 90° to 200*^ C. in half degrees, and this is 
placed in the retort in a similar position to that occupied by the 
benzol thermometer. The drop point and the percentage at 
160°, 170® or 200® is read off according to the quality of the 
naphtha. 

Specific Gravity. — ^This is taken by a hydrometer or in the 
Regnault specific gravity bottle. 

Flash Point. — ^This is determined in the Abel test apparatus, 
in a similar fashion to that used for the determination of the 
flash point of petroleum. 

Pyridine Bases and Tar Acids. — It is advisable to examine 
solvent naphthas for pyridine bases and also for tar acids. The 
latter substances are estimated as already described (see page 
236), and the former (unless suspected to be present in more 
than traces, when the test described under benzol is used) by the 
following method, which is known as the Weber test for pj^dine : 
Shake out 100 c.c.'s of solvent naphtha with 100 c.c's of dis- 
tilled water in a separating funnel. Take about 15 c.c.'s of the 
water extract and add to it i c.c. of a 10 per cent, solution of 
copper sulphate. Bring the mixture to boiling point. It is 
required that no turbidity occurs. According to Weber, if the 
mixture remains clear the solvent naphtha is free from pyridine, 
or the amount it contains does not reach more than one part in 
1500 parts of solvent naphtha. A very faint turbidity after 
standing 30 minutes will be equivalent to approximately .06 per 
cent., and a pronounced bluish white tubidity to o.i per cent. 
If the quantity of p5^dine exceeds o.i per cent, a copious pre- 
cipitate results, and shoiild 0.3 per cent, be present a dense pre- 
cipitate is at once produced. It the solvent naphtha be required 
for rubber works, this test often has to be used, and also the 
following : Twenty-five c.c.'s of R.O.V. and 75 c.c.'s of the 
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solvent naphtha are placed in a stoppered and graduated test 
mixer. The mixture is well agitated and allowed to rest. The 
R.O.V. should not increase in bulk more than 4 c.c.'s, making 
a total of 29 c.c.'s, and the coloiu* shoiild not be more than a 
deep orange. 

Another test often used for pj^dine is to extract 50 c.c.'s 
of the solvent naphtha with 50 c.c.'s of B.O.V. in a separating 
funnel, allow to rest, separate the acid extract, neutrafise with 
fairly concentrated caustic soda, say 60° Tw., and see whether 
pyridine can be detected by the sense of smell. 

Valuation of Light Oil, etc. 

There are several methods of testing Ught oil in order to 
obtain an idea of the yield of light products which may be 
expected in the works. One of the methods is the following : 
Five hundred c.c.'s of the light oil are placed in a distillation 
flask fitted to a 5-bulb GUnsky or le Bel Henninger distillation 
head and'Liebig condenser. The flask is heated with a bunsen 
burner, and all the distillate which comes over below 200° C. 
collected and the percentage read off. This distillate is washed 
first with about 60 c.c.'s of 60° Tw. caustic soda, and then once 
with about the same volume of clean water, after which the loss, 
due to the alkaUne wash, is carefully measured and the per- 
centage noted. It is now washed with 5 per cent, of B.O.V. 
in two 2j per cent, quantities, and then three times with about 
60 c.c.'s of water, after which an alkaline wash is given, using 
about 50 c.c.'s of 20° Tw. caustic soda, and finally a wash with 
50 c.c.'s of clean water. The loss in volume of oil is carefully 
measured, and the washed distillate is then placed in a dis- 
tillation flask and distilled up a fractionating head, using one 
or other of the types just mentioned, and the following fractions 
collected : 

Drop to 100° C. equals 90's benzol. 

C. „ toluol. 

C. „ solvent naphtha. 

C. „ medium heavy naphtha. 

C. ,, heavy naphtha. 

The resiilts are calculated on the original oil and tabulated as 
follows : 

Distillate above 200° C. . . . per cent. 

Loss by soda and water washing 

Loss by acid, soda and water washing 

90's benzol . 

Toluol . 

Solvent naphtha . 

Medium heavy naphth; 

Heavy naphtha 



I. 
2. 

3. 
4. 
5. 
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185° 
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Specific Gravity. — ^This is taken by one of the methods ahready 
described. 

Tar Acids and Pyridine Bases, -^The processes for estimating 
these substances have been described ahready. 

Cresylic Acid 

Specific Gravity, — ^This constant is determined either by a 
hydrometer or specific gravity bottle. 

Water. — ^This material is usually estimated by distiUing care- 
fully 100 c.c.'s of the sample in an 8-oz. retort until all the water 
and 10 c.c.'s of oil have been collected in a measure. A Uttle 
benzol is then added to the contents of the measure, with shaking, 
and the mixture allowed to stand in order to enable the water 
to separate, when a clear reading may be obtained. 

Distillation. — ^This test should be conducted in a Wurtz or 
distillation flask connected to an air condenser. The percentage 
of distillate is read off, as a rule, at the following points : 194° C., 
196° C, 198° C, 200° C, 202° C., and 204° C. 

Naphthalene and Neutral Oils. — ^This is not an easy test to 
carry put, and at the best is only approximately accurate. 
Twenty grammes of the sample are taken and placed in a separat- 
ing funnel. The beaker in which the 20 grammes were weighed 
is rinsed out with 100 c.c.'s of 15 per cent, caustic soda and the 
rinsings added to the cresyUc acid in the funnel. The lot is 
well shaken, and when the acids have dissolved 100 c.c.'s of 
distilled water are added with thorough agitation. If a clear 
solution results, then naphthalene and neutral oils may be 
considered absent, but in the case of marked turbidity, the 
mixture is extracted with Hght petroleum ether, which is dry 
at 75° C, the extract carefully separated, run into a weighed 
beaker or flask, the ether cautiously evaporated off on a water- 
bath and the residue weighed. 

In cases in which the cresyUc acid contains a fairly large 
quantity of oil and naphthalene, the following rough test may 
be used : Into a 100 c.c. stoppered test mixer 40 c.c.'s of 60° 
Tw. caustic soda are placed, and on the top of this 40 c.c.'s of 
cresylic are carefully poured. The two substances are thoroughly 
mixed and then allowed to cool down to 60° F., after which 
5 c.c.'s of benzol are added and the lot shaken up. The contents 
of the test mixer are now allowed to stand in order that the 
benzol may separate, together with any oil and naphthalene 
which it has dissolved ; the increase in volume of benzol may 
be taken as oil. The writer does not altogether approve of 
this test. 

Tar Acids in Cresylic. — If it is desired to estimate these, the 
following method may be used : One hundred c.c.'s of the sample 
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measured at 60° F. are placed into a separating funnel and 
about 100 c.c.'s of 60° Tw. caustic soda added to the sanae, and 
the lot well shaken until the cresylic has dissolved. The solution 
is then extracted with Ught petroleum ether, the ether extract 
carefully separated, and the cresylate of soda filtered through a 
little glass wool into a large beaker. It is brought up to the boil 
and kept at this point for about two minutes, after which it is 
allowed to cool down. It is then placed in a separating funnel, 
the beaker being rinsed out with a Uttle water and the tar acids 
thrown up by the addition of dilute B.O.V. A sufficient length 
of time is given for the tar acids to separate properly, when the 
subnatant sulphate of soda Uquor is separated, and the tar acids 
run into a measure and the volume read off. 

Sulphuretted Hydrogen and Sulphur Compounds. — ^During 
the manufacture of cresol it is necessary to test it for sulphiu" 
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Fio. 78. — ^Apparatus used in Testing Cresylic Acid for Sulphur. 

compounds, and it is also advisable to examine samples which 
are being purchased for the same substances. The method 
generally used is to place about 50 c.c.'s of the cresol in a flask 
fitted with air inlet and outlet tubes, the inlet tube dipping 
into the cresol. The outlet tube is connected to another flask, 
which in its turn is fitted to a filter pump. In this flask a piece 
of lead acetate paper is suspended in such a position that it hangs 
over the air inlet tube. Air is aspirated through the cresol by 
means of the filter pump, and during its passage through the 
second flask it comes in contact with the acetate paper. 
Should sulphur compounds be present the paper will turn 
brown or black. A good sample of cresyUc will not blacken 
an acetate paper after 15 minutes. Fig 78 illustrates the 
arrangement of the flasks, etc. 

Meta-Cresol — Cresylite Test 

There is a special grade of cresyUc acid manufactured which 
contains a considerable quantity of meta-cresol. This material 
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is used for the manufacture of trinitro-meta-cresol. There are 
two methods of testing this substance, one of which is known as 
the short test and the other as the long test. They are carried 
out as follows : 

Shorl Test, — ^Ten grammes of the cresol are placed in an 
Erlenmeyer flask and 15 c.c/s of 66° B6. sulphuric acid are added. 
The lot is well agitated, and then heated for one hour in a steam- 
oven. After this the sulphonated mixture is poured into a 
i-litre flask and thorougUy cooled under a water-tap. Into 
the Erlenmeyer flask in which the cresol was sulphonated 
90 c.c.'s of 40°. B6. nitric acid are placed and thoroughly shaken 
until the sulphonated material adhering to the flask sides is 
rinsed off with the acid. It is then cooled a Uttle and trans- 
ferred rapidly to the contents of the Utre flask. The lot is now 
vigorously shaken. In a few minutes reaction will take place. 
The mixture is now allowed to stand until the reaction is finished, 
when it is emptied into a large porcelain basin containing 40 
c.c.'s of cold water. The flask is rinsed out with another 40 
c.c.'s of cold water and the rinsings added to the contents of 
the basin, after which the lot is allowed to remain until the tri- 
nitro-meta-cresol crystaUises out. It is then filtered through 
an ordinary filter paper, the crystals dried in a steam-oven at 
95 to 100° C., and weighed ; the result multiplied by 10 equals the 
cresylite test. 

Long Test. — ^A retort of a capacity of i litre is fitted with a 
cyUndrical dropping funnel, provided with a stop cock, holding 
about 50 c.c.'s. The retort is placed in a spherical sand bath, 
about 14 cm.'s in diameter. The operation must be conducted 
in a fume cupboard. Into the retort 50 grammes of nitric acid of 
40° B6. strength are placed and gently warmed to a temperature 
of 80° C. In the meantime 50 grammes of the sample of cresol 
are mixed with 125 grammes of sulphuric acid and allowed to 
stand for an hour. After this time has elapsed the contents of 
the flask are run into the dropping funnel and the flask inverted 
over it in order that it may thoroughly drain. The sulphonated 
cresol is allowed to drop into the nitric acid at such a rate that 
the whole of the contents of the dropping funnel will take be- 
tween I J to 2 hours to run into the acid. The temperature must 
be kept at 80° C. the whole of the time and regular ebullition 
maintained. Red vapours are given off, and should these 
vapours whiten towards the finish, the test must be repeated 
with a larger quantity of nitric acid. The nitric acid should 
not be in great excess as the trinitro-meta-cresol is appreciably 
soluble in mother Hquor charged with nitric acid. Immediately 
the whole of the sulphonated cresol has dropped into the nitric 
acid, the gas flame is removed and 20 minutes allowed to 
lapse^ after which the contents of the retort are poiu-ed into a 
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large porcelain basin containing 400 c.c.'s of cold water. The 
mixture is then left to cool for 24 hours, and the crystals which 
form are carefully separated from the mother liquor by decant- 
ing the latter into a filter funnel provided with a perforated 
filter disc and covered with round filter paper. The mass of 
crjTstals in the basin is melted in 200 c.c.'s of water, allowed to 
cool, the mother liquor removed as just mentioned, the crystals 
broken up, allowed to drain, dried at 50° C, weighed, and 
multiplied by two. 

Carbolic Acid 

Specific Gravity, — ^This constant is determined by a hydro- 
meter or specific gravity bottle. 

Water, — ^This is generally determined during the canying 
out of the crystalUsing test. 

Solubility, — ^The sample is required to answer the following : 
Fifty c.c.'s of the crude carboUc acid must be completely soluble 
in 100 c.c.'s of caustic soda of a specific gravity of i.io. 

Crystallising Point, — ^There are one or two methods of carry- 
ing this out, but that generally used for the buying and selling of 
crude carbolic acid is the following ; and it is known in the trade 
as Lowe's method : Into an 8-oz. tubulated retort, having a 
neck about 15 inches long, 100 c.c.'s of the crude acid to be 
tested are placed. No condenser is connected to the beak of 
the retort, and the distillation is so regulated that no vapours 
are given off, and the operation occupies about two hours. 
Clean, dry, graduated cyUnders must be used for the collection 
of the distillates. Into the first receiver 10 c.c.'s of oil and all 
the water (which latter shall not exceed 15 c.c.'s) are collected. 
The next 62J c.c.'s are collected in the second receiver, well 
mixed, and cooled slowly to near the expected crystallising point. 
A small quantity of pure crystals is then added, and the cooling 
continued — stirring all the time. When the distillate is crys- 
taUine throughout, the thermometer (a Fahrenheit graduated 
in one-tenths of a degree) is read ; and the figure indicated is 
taken as the crystalUsing point of the crude acid. It is often 
necessary to employ a cooling solution, and when this is the case, 
care must be taken that the temperature of this solution is not 
more than 2° F. below that at which the sample is expected 
to crystallise. 

With low crystallising acids — e,g, 50's and 45's, etc. — ^the 
determination of the point at which the fir^t crystals appear is, 
unfortunately, rather a tedious process, and with the object of 
rendering it easier and quicker, the writer and, his assistant ^ 

* " Investigations on Coal Tar and some of its Products." English 
Junior Gas Associations* Joint Proceedings, 1911-12, Sec. M, pp. 105-125. 
The Gas World, March 2, 1912, p. 284. 
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made numerous experiments with a modified method, with 
very encouraging results. Up to the collection of the 62 § 
c.c.'s of acid in the second receiver, the process is identical 
with Lowe'o. The modification consists in just half filhng a 
test tube 5 inches long by | inch in diameter with the well-mixed 
distillate, cooUng while stirring until the contents of the tube 
are crystalline throughout — ^adding a small crystal of pure acid, 
if necessary — ^removing from the cooUng mixture, and stirring 
slowly, at a temperature of about 60° F., until all crystals 
disappear. This point is called the Hquefying point ; and if 
2.5 is deducted from the figure obtained, the crystallising point 
of the acid is found. This figure was arrived at by takmg the 
average of fifty experiments, the highest difference being 3.0 
and the lowest 2.2. 

A handy method for use in the works when making mixings 
is the following, and this method may be termed a short test : 
One hundred c.c.'s of the crude carboHc are distilled in an 8-oz. 
retort imtil all the water and 10 c.c.'s of the oil has come over. 
A further 20 c.c's of the tar acids are now collected in a perfectly 
dry cyUnder, the crystaUising point determined, as aheady ex- 
plained imder Lowe's test, and from the figure obtained 8 is 
deducted, when the result will indicate approximately the actual 
crystaUising point. Another short test is the following : Into a 
three-bulb Ladenburg flask of 150 c.c.'s capacity, 80 c.c.'s of 
crude carboUc are placed. The flask is connected to a 12-iiich 
Liebig condenser, the jacket of which is filled with water, but no 
flow is maintained. All the water is distilled off, and 8 c.c.'s 
of the oil. Then into another perfectly dry receiver 50 c.c.'s 
of the tar acids are distilled and the crystalhsing point taken. 
If the figure i is deducted from the result, the crystaUising point 
obtained by the long test is found approximately. 

Tar Acids in Phenolate. — In order to control the working of 
the carboUc (and also the cresyllc) plant, it is necessary to deter- 
mine the amount of tar acids in the phenolate. This can be done 
rapidly by the foUowing method : One hundred c.c.'s of the 
phenolate are placed in a separating funnel and dilute B.O.V. 
(i : 2) is added until the mixture is strongly acid to litmus paper. 
The lot is aUowed to stand for a few minutes in order that the 
tar acids may separate completely, after which the sodium 
sulphate Uquor is removed carefuUy and the volume of the tar 
acids measured. 

Estimation of Carbolic Acid in Crude Phenols 

Mm. Ren6 Masse and Henri Leroux have presented to the 
French Academy of Sciences a note upon carboUc acid and the 
estimation of this in crude phenols from tar. The method stiU in 
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use for the preparation of carbolic acid is that devised by Laurent 
in 1841, namely, (i) Separation of phenols from creosote oils 
by shaking up with soda, (2) acidification to set free the crude 
phenols, and (3) the extraction of the carboUc acid by rectifi- 
cations and crystallisations. Good crude phenol, free from 
naphthalene, contains water, carbolic acid, orthocresol, meta- 
cresol, paracresol, xylols and homologues, and phenoHc tarry 
matters. The chemical properties of carboHc acid and the 
cresols are so nearly related that there is no simple reagent 
which can separate them ; thus Koppeschaar's bromine method 
will not work if both orthocresol and metacresol be present. 
The physical properties, on the other hand, do enable us to 
discrinunate. The boiling points of phenol (carbolic acid), 
orthocresol, metacresol and paracresol at 760 mm. barometnc 
pressure are respectively 183°, 190.8°, 202.8° and 201.8° C. ; 
those of the xylols are 220° and 225°. By fractionally distilling 
the crude phenol up to 203° C, and then fractionally distilling 
the fraction obtained between i8o°-203° C. up to 198° C. (as 
described in the next paragraph) we can find the quantity of 
carbolic acid in each of these fractions by determining their re- 
spective crystallising points. Commercial carboHc acid, called 
40° to 42°, has a melting or solidifying point slightly above 
40° C. ; conmiercially pure carboHc acid has a melting point of 
40.85° C. When we add cresols to pure carbolic acid the melt- 
ing point falls steadily, and that to very nearly the same extent 
whatever be the relative proportions of the three cresols, so long 
as the cresols added do not exceed 33 per cent, of the whole. 
The melting point of the mixture thus depends on the per- 
centage of carbolic acid, and the curve of melting points is a 
straight line joining the two points phenol 100 per cent., 
melting point 40.85° C. and 66 per cent., 21° C. This is the 
basis of the following working method : 

Three kilograms of crude phenol are put in a still with copper 
vessel of 4 litres and a Vigreux column of 24 inches. The 
distillation is maintained at 7 to 8 c.c. per minute, and the 
following fractions are taken : (a) up to 180° (=water and 
phenols) ; (b) 180° to 203° ; (c) above 203°, 100 c.c. only. To 
(a) add enough chloride of sodium (35 per cent.) to precipitate 
the phenols contained in it ; decant these phenols and add them 
to (b). Put (b) into a flask of sufficient size ; wash out the 
vessels with liquid (c) and add this to (b). The liquid (b), with 
its additions, is now fractionally distilled at 4 c.c. per minute. 
The fractions taken are from 250 to 300 grammes each, until the 
temperatiu-e of the vapours reaches 198° C. The soHdifica- 
tion point of each fraction is then determined. A test-tube 
determination gives a rough indication ; but with 30 to 40 
grammes, allowed to cool slowly until supercooled by 1° or 2°, 
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the addition of a trace of crystallised carbolic add determines 
crystallisation and the temperature goes up to the true melting 
point. If in the test-tube trial the required temperature is 
below 21° C, add carbolic acid in known quantity sufficient to 
bring the percentage of carbolic add above 66. 

This method enables the carbolic add in a crude phenol 
to be estimated within i per cent., which is as near as could 
be expected with so complex a mixture as crude phenol. 

Anthracene Tests 

Crude and refined anthraeenes are tested for the percentage 
of actual anthracene by what is known as Luck's test. The 
following materials are required : Chromic acid solution. — This 
is made by dissolving 150 grammes of chromic add (CrOg) and 
100 c.c/s of gladal acetic add in 100 c.c.'s of distilled water. 
Fuming Sulphuric Acid Mixture, — This is prepared by mixing 
equal parts of pure sulphuric add of a spedfic gravity of 1.84 
and Nordhausen sulphuric add of a spedfic gravity of 1.92. 

The test is carried out as follows : One gramme of the sample 
is placed in a i-litre boiling flask, and to it is added 45 cc.'s 
of gladal acetic add. The flask is connected to an air-cooled 
reflux condenser, and then placed on a sand-bath and the con- 
tents boiled until the anthracene is dissolved. In the mean- 
time 23 c.c.'s of the chromic acid mixture are placed in a dropping 
funnel, the stem of which is inserted into the top of the reflux 
condenser. As soon as the anthracene is dissolved in the acetic 
acid, the chromic acid mixture is allowed to drop into the solution 
at such a rate that it will take two hours for the whole of it to 
run out of the dropping funnel. After all the chromic add 
solution is in, the mixture is boiled for a further two hours and 
then allowed to stand for twelve hours. It is then diluted to 
500 c.c.'s with distilled water and allowed to remain at rest 
for one hour, after which it is filtered through a hardened filter 
paper and washed with (a) 200 c.c.'s of cold water, (6) 300 
c.c.'s of boiling water, (c) 300 c.c.'s of 2j° Tw. caustic soda, and 
{d) 300 c.c.'s of boiling water. The precipitate is now washed 
into a tared porcelain basin, dried on a water-bath, and finally in 
a steam-oven, and then weighed. The weight obtained gives 
a figure which when multiplied by 85.6 is recorded as the common 
test. To the material in the basin is now added ten times its 
weight of the fuming sulphuric acid mixture, after which it is 
heated on a water-bath until the whole mass has crystallised. 
This will take between 10 to 15 minutes. It is then stood in a 
damp place overnight, and the following morning diluted with 
200 c.c.'s of cold water, after which it is filtered through a 
hardened filter paper and washed with boiUng water, soda, and 
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boiling water, as before. The precipitate of quinone is then 
washed into a tared porcelain basin, dried in a steam-oven and 
weighed. After weighing, the basin and its contents, are gently 
heated in order to volatihse the quinone, and when cold the 
basin and ash are re-weighed. The difference between the first 
and the second weighings gives the weight of anthraqoinone, 
and this multiplied by 85.6 will give the percentage of actual 
anthracene in the sample. 

Material Insoluble in Benzol {Sand, Dirt, etc), — Five grammes 
of anthracene are transferred to a previously weighed extraction 
thimble, placed in a Soxhlet extraction apparatus and extracted 
with benzol in the usual way until the benzol leaves the apparatus 
colourless. The thimble is then removed, freed from benzol in 
a steam-oven, cooled, and weighed. The increase in weight of 
the thimble indicates insoluble matter. It is necessary of course 
to cover the extraction thimble with a piece of filter paper, 
the edges of which may be bound with platinum wire, or else 
use a plug of cotton wool. 

Paraffin in Anthracene. — ^This may be estimated as follows : 
Ten grammes of the sample are weighed into a large beaker and 
to it are added 108 c.c.'s of concentrated sulphuric acid. The 
mixture is heated on the water-bath until all the anthracene 
is dissolved, then it is cooled and poured into 400 c.c.*s of cold 
water contained in a 1000 c.c. separating funnel. The mixture is 
allowed to cool and is then extracted twice with light petroleum 
ether (dry at 75° C). The petroleum ether extracts are bulked 
and washed in a separating funnel, first with half its bulk of 5° 
Tw. caustic soda, and then four times with one-eighth of its 
bulk of cold concentrated sulphuric acid, and after this with 
cold water until free from acid. It is then allowed to settle, 
any water which separates removed, and then transferred to a 
tared flask, and the ether distilled off and the residue weighed. 



Examination of Caustic Liquors, Spent Liquors, and Lime 
Mud in connection ' 

FACTURING TaR AcIDS 



Mud in connection with the COg Process for Manu- 



Spent Liquors. — It is essential that the causticised spent 
liquors be kept up to a standard strength as regards the per- 
centage of actual caustic soda, and owing to the fact that 
impurities, sometimes to a moderately large extent, are always 
present in these liquors, it is not possible to control the strength 
with any degree of accuracy by the use of a hydrometer. It 
is necessary, therefore, to titrate the spent liquor with a standard 
acid solution for the amount of alkali present (calculated to 
sodium carbonate, NagCOg), and then to add an amount of soda 
ash to the bulk of spent liquor in the causticisers to bring up 

R 
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the strength to the normal. The best results seem to be obtained 
by causticising spent liquor which contains lo grammes of 
NagCOg per lOO c.c.'s. The writer advises tarworks' chemists 
who have control of a COg plant for tar acid recovery to work 
out a table for themselves, showing the amount of soda ash 
required for each causticiser as indicated from the results obtained 
from his analysis, allowing of course for the impurities in the 
soda ash used. For instance, assuming the spent Hquor on 
analysis showed 9.8 grammes of sodium carbonate per 100 c.c.'s, 
then the material in the causticiser would require approximately 
2.8 lbs. of soda ash (58 per cent. alkaU) for every 100 gallons. 
The titration is carried out in the usual manner, but the liquor, 
as it is generally very dark, must be well diluted, and an indicator 
such as lacmoid or cochineal should be used. 

Estimation of Caustic Soda in Lime Mud. — ^This may be 
rapidly estimated with a fair degree of accuracy by the following 
method : Twenty grammes of the mud are weighed in a 250 c.c. 
beaker and 100 c.c.'s of hot water poured on top of it. A gentle 
stream of carbonic acid is passed into the mixture for about ten 
minutes, after which it is boiled, filtered, and the precipitate 
washed, the filtrate and washings being run into a 200 c.c. 
measuring flask. The contents of this flask are allowed to 
cool to 60° Fahr. and then made up to 200 c.c.'s with distilled 
water and well mixed. An aliquot portion (say 25 c.c.'s) is 
then removed by means of a pipette and titrated in the usual 
fashion, calciilating to NaOH. 

Estimation of Actual Caustic Soda in a Dark-coloured Causti- 
cised Spent Liquor. — ^As the causticised spent liquor is always 
very dark in colour, it is not possible to estimate the amount 
of caustic soda in the presence of carbonate by the method of 
double titration, which is used in the case of commercial caustic 
sodas. The following method gives very satisfactory results : 
Fifty c.c.'s of the dark-coloured Hquor (free from lime precipitate) 
are brought up to a temperature of 100° C. Barium chloride 
solution at a temperature of 95° to 100° C. is now added until 
no more precipitate forms. The lot is filtered while hot into a 
250 c.c. measuring flask, the precipitate and filter paper washed 
with a Httle boiling water, and when cold the filtrate and washings 
are made up to the mark with distilled water, and an aliquot 
portion taken and titrated for caustic soda in the usual fashion. 

Testing the Coke Furnace Gases for Use in the COg 

Tar Acid Process 

It is advisable that frequent tests of the gases be made as they 
leave the coke furnace, in order to control the efficient working 
of the CO2 tar acid plant. The most convenient apparatus to 
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use for this purpose is the Orsat. The manipulation of this 
apparatus is so simple that an intelligent works plant man may 
be taught how to use it satisfactorily in a very short time. It is 
advisable to estimate the carbon dioxide, oxygen and carbon 
monoxide in each examination. 

Coke, — ^The deliveries of this material should be examined 
for the amount of water, ash, and sulphur, and sampUng before 
analysis must be carried out with care by one of the approved 
methods. To estimate the water, twenty grammes of the ground 
coke are heated in an air oven to a temperature of 110° C. until 
of constant weight. The ash is determined by burning off two 
grammes of the coke in a platinum dish and weighing the residue. 
Sulphur in coke may be estimated by Stock's method, which is as 
follows : One gramme of coke in fine powder is mixed in a round- 
bottomed platinum capsule with approximately one granune 
of half-hydrated caustic lime, moistened with water (i c.c), 
rapidly dried, and then heated in a muffle to bright redness until 
all carbon has disappeared. The mass is allowed to cool, trans- 
ferred to a beaker, twenty c.c.*s of cold distilled water and five 
c.c.'s of bromine water added, and then 7J c.c.'s of pure strong 
HCl, after which the lot is boiled for five minutes. The contents 
of the beaker are then passed through a filter paper (filtrate must 
be bright), the beaker and the filter being well washed and the 
washings added to the filtrate. The filtrate and washings are 
then boiled, and whilst boiling 10 c.c. of a 5 per cent, solution of 
barium chloride is added, after which the boiling is continued 
for half an hour. The precipitated barium sulphate is filtered 
off and weighed in the asual manner and the amount calculated 
into sulphur. 

Half-hydrated lime is made thus : Calcine a quantity of 
marble and divide the powder into two portions. To one of 
these add exactly the weight of water necessary to form Ca(0H)2 
and then mix with the other half. 

Determination of Benzenoid Hydrocarbons in Coal Gas 

Pending the discovery of something better, the following 
methods are given. They are said to yield satisfactory results 
if carefully carried out.^ 

To estimate benzol or toluol in coal gas by absorption is 
a rather difficult test, as at least 100 cubic feet of gas should 
be treated, the content of these oils being so low. But the oleic 
acid test for light oils in gas is, as a works test, fairly rehable, 
and useful where a stripping plant is in use. Three bubbling 
bottles should be used (about i-inch seal in each bottle) con- 
taining the oleic acid (oleic acid B.P. is used), and a convenient 

^ See Gas World, Coking Section, Aug. 191 6, p. 13. 
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amount of gas. say lo cubic feet, bubbled through. After this, 
the contents of the bottles should be steamed, i.e, steam bubbled 
through and condensed by passing through a suitable condenser, 
a measuring cylinder being provided to receive the condensate, 
which consists of water and Hght oil. The latter can be easily 
read off, say as c.c. per cubic foot, and can be calculated to a 
convenient standard, say gallons per ton of coal (4543 c.c. to a 
gallon). Ten to fifteen minutes should be allowed for steaming. 
In that time all recoverable Hght oil will have come over ; and, 
of course, after a series of tests, if the oil be retained, there 
would be a sufficient quantity of it to fractionate in the ordinary 
way, separating the water by means of a separator, and the last 
traces bv means of the addition of a Httle calcium chloride. 
The oleic acid, after separation from water as the result of the 
steaming, may be used again, and will last some number of tests, 
if a little fresh acid is added occasionally. This test is in use 
on several plants. 

Muller's Method for the Determination of Benzol, etc., 

IN Coal Gas ? ^ 

Miiller's method consists in passing a measured volume of 
gas first through a washing and drying train (consisting of two 
bottles containing 25 per cent, caustic potash solution, one 
bottle with 25 per cent, sulphuric acid, and two large tubes filled 
with granulated anhydrous calcium chloride), and then through 
four weighed absorption bottles of " oleum petroleum." These 
are connected to a fifth empty and weighed catch-bottle, followed 
by a drying tube and the gas meter. Interposed between the two 
last-named is a pressure gauge for correction of the results to 
N.T.P., if this is necessary. The five weighed bottles are placed 
in a shallow tray and surrounded by ice. The train is connected 
to the gas main before the benzol scrubber inlet, and gas is 
passed through at a speed of 10 Utres per hour. The increase 
in weight of the five bottles is taken as the weight of benzol, 
etc., in the volume of gas washed. A similar train fixed to the 
gas main at the scrubber outlet will indicate what amount of ben- 
zol is left in the gas, and from the two figures the scrubbing 
efficiency is arrived at. The test should extend over at least 
twenty- four hours, and be timed to correspond with the times of 
emptying the " benzol daily production " tank, so that actual 
makes can be compared with the efficiency figures. The ** oleum 
petroleum " of the British Pharmacopoeia is used. Its specific 
gravity should be 0.88, its boiling point 360° C, it should be 
non-volatile at ordinary temperatures, and should deposit no 
solids at 0° C. 

1 See Gas World, Coking Section, February 191 7, p. 19. 
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Wilson ^ and Bradley ^ favour the use of petroleum instead 
of oleic acid. The petroleum oil used must not yield anything 
under 200° C. when heated in a retort. Coal gas is passed 
through the petroleum, and the increase in weight of the petro- 
leum after the passage of the gas is considered as benzenoid 
hydrocarbons, or else the petroleum is distilled after the gas 
has been passed through it and the distillate collected up to 
120° C. (or 165° C.) is assumed to be crude benzol. 

There is certainly a need for a rapid and reliable works test 
for benzenoid hydrocarbons in coal gas. 

Testing Benzolised and Debenzolised Oil for Crude 

Benzol Content 

Two hundred c.c.'s of the oil are placed in a retort with the 
thermometer in the Uquid. The retort is connected to a 
moderately long air-cooled, or a short water-cooled, condensing 
tube and any distillate up to 160° C. collected in a 20 c.c. gradu- 
ated measure. This distillate is considered as crude benzol. 

Determination of Naphthalene in Coal Gas 

Macleod and Henderson ® recommend passing 0.7 cubic foot 

of gas per hour through a saturated solution of citric acid and 

then through a ten-bulb absorption tube containing 2.6 grammes 

of recrystaUised picric acid and about 100 c.c. of water. At 

the end of the test the contents of the absorption tube are 

washed into a 250 c.c. flask and heated to 40° C. (104° F.) on the 

water-bath until all the picric acid has dissolved. After cooling, 

the saturated picrate is filtered off and the unused acid titrated 

N 
with --- soda. About 10 cubic feet of gas are passed through 

the apparatus, the actual amount being measured by the use 
of a meter. 

C. J. Dickenson Gair * gives the following method : About 
350 c.c. of acetic acid (sp. gr. 1.044) are taken in two Woulff's 
bottles or towers. A small Woulff's bottle containing 150 c.c. of 
picric acid solution is also placed after the acetic acid bottles to 
act as a catch, and a measured volume of gas, not more than 3 to 
6 cubic feet usually, passed through at the rate of about i cubic 
foot per hour. If the gas is impure a bottle containing oxalic 
add solution maintained at a temperature of 80° C. is fitted in 
front of the bottles containing the acetic acid. In the event 

^ Gas World, Coking Section, Dec. 2, 1916, p. 11. 

* Gas World, Coking Section, Jan. 6, 191 7, p. 9. 

* " Notes on Naphthalene in Coal Gas, J. S.C.I. , 1914, p. 299. 
Also J. S.C.I. , 1913, p. 76. 

* J.S.C.I., 1905, p. 1279. 
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of there not being sufficient pressure to force the gas through 
the wash bottles, or if the gas be under vacuum, use is 
made of a piece. of apparatus which pulls the gas through the 
bottles by means of a water pump and then automatically 
separates it from the water, the gas passing through the experi- 
mental meter at the ordinary atmospheric pressure. After the 
experiment is finished, the acetic acid and picric acid from the 
bottles are mixed in a flask, and about 500 c.c. of concentrated 
picric acid solution added. Pure naphthalene picrate separates 
out at once, in large flocculent masses, which have the advantage 
of being extremely easy to filter. After filtering, the naphthalene 
picrate is dried in vacua or in a warm room, and weighed. 

Determination of the Percentage of Benzene, Toluene 
AND Xylene in Commercial Toluol, and the Analysis 
OF Crude Benzol from Coal Gas, etc., only containing 
Negligible Amounts of Paraffins 

By H. G. Colman, D.Sc, Ph.D. 

si Through the great courtesy of Dr H. G. Colman the writer is 
enabled to place before his readers these methods of analysis 
in full : 

In devising a test for the determination of the amount of 
the three main constituents of commercial toluol, namely, 
toluene with benzene and xylene, the object aimed at has 
been to work out a test complying as far as possible with the 
following conditions : 

(i) The results obtained should have a reasonable degree of 
accuracy. 

(2) The time required for carrying out the test should be as 

short as possible, consistently with fair accuracy of 
results. 

(3) The apparatus employed in the test should be such as 

can be obtained readily. 

As the result of a large number of distillations of varying 
mixtures of known amounts of pure benzene, toluene, and xylene, 
carried out in an ordinary Wurtz distilling flask, it was found 
that if the distillation is carried out under uniform conditions, 
it is possible to ascertain with reasonable accuracy the per- 
centage composition of these mixtures by the determination of 
the fractions (a) boiling below 104.7'' ^- ^.nd (b) boiling above 
1 1 5 .9° C. Further experiments with similar mixtures of pure ben- 
zene, toluene, and xylene, but also containing small quantities of 
the other substances often present to a limited extent in commer- 
cial toluol, such as carbon bisulphide and cumenes, showed that 
the presence of these does not materially influence the results 
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obtained. A table constructed from the results obtained with 
the n^ixtures of pure benzene, toluene, and xylene may there- 
fore be employed with reasonable accuracy in the determination 
of the percentage of these constituents in commercial toluol 
which has been properly washed with caustic alkali and sulphuric 
acid to remove phenols and unsatuiated compounds, this being 
distilled under the same conditions as were employed with the 
pure mixtures and the percentages boihng below 104.7° ^^^ above 
115.9° ascertained. 

The presence of paraffin hydrocarbons of similar boiling point 
affects the results of the tests, but an approximate correction 
on this account for quantities of paraffins not exceeding 4-5 
per cent, of the whole may be obtained from the specific gravity 
of the distillates. 

In the diagram, page 262, drawn up from the results 
of a series of tests with mixtures of known composition, the 
percentages boiling below 104.7° ^^^ given in order horizontally 
from left to right, and the percentages above 115.9° vertically 
from bottom to top. The percentage of benzene is found by 
noting the point vertically above the figure giving the percentage 
below 104.7°, ^^d o^ ^ horizontal line with the figure showing the 
percentage above 115.9°. From the position of this point with 
regard to the series of curves in broken Unes, and numbered 13 
to 35, the percentage of benzene in the sample may be read off. 
In the same manner from the position of this point with regard 
to the series of curves in full lines, and numbered 50-75, the 
percentage of toluene in the sample may be read off. The per- 
centage of xylene is found by taking the difference between the 
sum of the percentages of benzene and toluene and 100. 

The diagram only holds good generally for samples contain- 
ing from 50-75 per cent, of toluene, and for such as give at least 
5 per cent, and not more than 50 per cent, either below 104.7° 
or above 115.^^°. In the great majority of cases the commercial 
samples fall within the limits named, but by a simple modifi- 
cation, the exceptional samples can also be analysed in a similar 
manner. 

Mode of Carrying out the Test 
Apparatus 

A standard Engler 100 c.c. distillation flask, as employed in 
the petroleum industry, having the following dimensions : 

Internal diameter of bulb . . 6.5 centimetres. 

Length of neck .... 15.0 

Internal diameter of neck . . 1.6 

Length of side tube . . . 10. o 
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Vertical height of side tube above 
surface of liquid when flask is 
charged with 100 c.c. . . 9.0 centimetres. 

Angle of side tube . . . 75.0 degrees. 

Round-bottomed flask of 150-200 c.c. capacity. 

A Young i2-bulb *' pear " fractionating column or other 
efficient column. 

Efficient water-cooled condenser, perferably a lo-inch 
Liebig condenser with four bulbs blown on inner tube and placed 
vertically. Connection with distillation flask may be made by 
an adapter, or by fusing an additional length of glass tubing 
on to the side tube of flask, and bending to fit upper end of 
condenser. 

Set of 100 c.c. graduated cylinders. 

Thermometer registering from 50-150° C. and graduated in 
^th degrees. 

Correction of 100 c.c. Cylinders. — ^The graduations of the 100 
c.c. cylinders sold are sometimes incorrect to the extent of i c.c. 
The cylinders employed must be standardised by running into 
them known quantities of Hquid, preferably toluene, from an 
acciu'ate burette. 

Correction of Thermometer for Barometric Pressure. — Each day 
before testing, the correction for barometer must be ascertained 
by placing the thermometer in a distillation flask with the bulb 
just below the side tube, and boiling distilled water in the flask. 
The difference between the observed thermometer reading and 
100° (Nat. Phys. Lab. Standard) is taken as the correction of 
the thermometer for that barometric pressure. Thus if the 
water is found to boil under these conditions at 99.4°, and the 
thermometer registers correctly as regards scale graduation at 
100°, then 100 —99.4° =.6° must be deducted from the readings 
of that thermometer corresponding to 104.7° ^.nd 115.9° (N.P.L. 
Standard) to obtain the actual points of interruption of the 
distillation to be employed at that barometric pressure to be 
equivalent to 104.7° ^.nd 115.9° corrected (N.P.L. Standard). 
If the water is found to boil at 100.2°, then 100.2°— 100 = 0.2° 
must be added to the readings corresponding to 104.7° ^^^ ii5-9°- 

If the thermometer is not correctly graduated at 100°, then 
the correction is found by taking the difference between the 
observed boiling point of distilled water in a distillation flask 
and the reading of the thermometer corresponding to 100° 
N.P.L. Standard. Thus if the observed boiling point of distilled 
water in the Wurtz flask is 99.4° and the scale graduation of 
100.4° on that thermometer corresponds to 100° (N.P.L. 
Standard) then 100.4 —99-4 = i-0° must be deducted from the 
readings of that thermometer corresponding to 104.7° ^^^ 
115.9° (N.P.L. Standard). 
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Standardising of Thertnomelsr, — ^The thermometer used should 
be standardised (with scale fully immersed) to the National 
Physical Laboratory Standard, and the necessary scale corrections 
made. 

If a thermometer has to be used the scale correction of 
which is unknown, this may be standardised for the purposes 
of this test in the following manner : 

A mixture of pure benzene, toluene and xylene in known 
proportions is made up (one containing 20 per cent, of benzene, 
65 per cent, of toluene and 15 per cent, of xylene forms a con- 
venient composition). From the diagram, it will be seen that 
100 c.c. of such a mixture should give 22.7 c.c. distiUing up to 
104.7° corr. and 20.5 c.c. residue at 115.9° corr., and the frac- 
tion 104.7-115.9° should be 100—22.7—20.5 = 56.8 c.c. 

100 c.c. of the mixture is then distilled in the manner specified 
above and the temperature on that thermometer ascertained 
and noted at which (after draining) 22.7 c.c. have distilled over. 
The distillation is then continued, and the temperature ascer- 
tained and noted at which (after draining) a further 56.8 c.c 
have distilled over. The two temperatures thus ascertained 
represent the actual temperatures to be employed as interrup- 
tion points of the distillation, with that thermometer and at 
that barometric pressure. The correction for barometer, etc., 
at that time is determined by placing the thermometer in a dis- 
tillation flask with the bulb just below the side tube, and boihng 
distilled water in the flask, the necessary correction being the 
difference between the reading thus found and 100°. This 
difference, added to each of the temperatures found as above, 
gives the actual corrected temperatures to be employed as 
interruption points for the distillation with that thermometer, 
equivalent to 104.7° and 115.9° corrected N.P.L. Standard. 

Thus, for example, if it is found with a thermometer that 
with the above mixture the temperatures required to give 
22.7 c.c. of the first fraction and 56.8 c.c. of the second fraction 
are 104.0° and 115.7° respectively, and that the boiling point 
of distilled water at the same time is found to be 99.5, then 
the actual corrected temperatures to be employed when using 
this thermometer to correspond to 104.7° ^^^ ii5-9° corrected, 
N.P.L. Standard, are 104.0 -h 0.5° and 115.9-h 0.5 =104.5° and 
116.4° respectively. These are then taken as the corrected 
distillation interruption temperatures for this thermometer, 
the barometer correction for the day being taken in the manner 
prescribed above. 

The correctness of these temperatures should then be tested 
by making two or three mixtures of different proportions of 
benzene, toluene and xylene, and subjecting these to the test, 
and seeing whether the results obtained agree substantially 
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with the actual percentages of benzene, toluene and xylene 
taken. 

Any thermometer used for making the test, even when the 
graduation has been standardised, should first be tested with a 
mixture ot known amounts of pure benzene, toluene and xylene, 
as it has been found in a few instances that thermometers which 
are perfectly correct in their graduation do not give correct 
results. So far as at present ascertained, this appears to be 
due in some way to the composition of the glass used in making 
the thermometer, which causes a " lag *' in the readings of the 
thermometer when in vapours of low latent heat such as benzene 
and toluene. 

In order to check the whole apparatus, thermometer and 
method of working, it is advisable occasionally, after making 
an analysis of a toluol of unknown composition, to make up a 
mixture of benzene, toluene and xylene in the proportions found 
by the test in that sample, and put this mixture through the 
test ; if all is in order, the percentages of benzene, toluene, 
and xylene found by the test to be present in the check mixture 
should substantially agree with the actual percentages taken. 

Method of Distillation 

Engler lOO c.c. distillation flask and condenser to be washed 
out with the toluol to be tested and allowed to drain. 

100 c.c. of the toluol (the temperature of which is taken) to 
be tested is poured into flask from graduated cyUnder, the 
latter being drained out only. 

Small naked flame under flask with wire gauze screen to 
protect flame and bulb of flask from draughts. 

Top of thermometer bulb just below side tube of distillation 
flask. 

Rate of distillation 7 c.c. per minute from end of condenser, 
the distillates being collected in 100 c.c. cyUnders. 

When the thermometer reaches 104.7° ^- (corrected) the heat- 
ing is stopped, the condenser allowed to drain, and the receiver 
changed ; the distillation is continued till the thermometer 
reaches 115.9° ^- (corrected). The heating is then stopped, the 
condenser allowed to drain, and the residue in the flask, after 
complete cooHng, drained into a 100 c.c. cyUnder. The number 
of c.c. distilHng (i) below 104.7°, (2) between 104.7 ^Jid 115.9°, and 
(3) above 115.9° are read off at a temperature approximating to 
that found for the original sample when measuring out the 100 c.c. 
taken for analysis. The combined amounts of the three distillates 
should not amount to less than 99.5 c.c. 

From the amounts boiling [a) below 104.7° ^^^ (^) above 115.9° 
the percentage of benzene and toluene in the sample is found. 
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subject to the correction for paraffin content specified below, 
by means of the diagram. 

Thus if the percentage found below 104.7° is 39, and that above 
115.9° is 13, the percentage of benzene in the sample is 25.0, and 
that of toluene 65.0, and that of xylene, found by difference 
from 100, is lo.o. 

The diagram only holds good for samples containing 50-75 
per cent, of toluene, and for those which contain such amounts 
of benzene and xylene as yield not less than 5 per cent., or more 
than 50 per cent, either below 104.7° ^^ above 115.9°. 

In cases where a sample does not fall within these limits the 
analysis may be made in the following modified manner : 

A measured amount of the sample less than 100 c.c. is taken 
and made up to 100 c.c. by the addition of such measured 
volumes of pure benzene, toluene, or xylene that the resulting 
mixture comes within the specified limits. The percentages of 
benzene and toluene in this mixture are then ascertained in 
the manner specified above, and from these percentages are 
deducted the volumes of benzene and toluene (if any) which 
have added to make up the 100 c.c. The figures thus obtained 
give the number of c.c. of benzene and toluene contained in 
the volume of the original sample taken for analysis, and the 
percentages in this sample are found by multiplying these 
figures by 100 and dividing by the volume taken. 

The benzene employed for such addition should distil within 
a range of about 0.5°, and have a sp. gr. of 0.883-0.885 at 15.5°, 
and the toluene should boil within a range of 0.5° and have a 
sp. gr. of 0.870 at 15.5°. The xylene ordinarily obtainable, 
being a mixture of several isomerides, has no constant boiUng 
point, but should distil within a range of 138-143° C. corr. 

The volume of the sample it is desirable to take, and the 
amounts of benzene, toluene, or xylene to be added, may be 
judged from the results of the first distillation. Examples are 
given below of the proportions actually adopted in the case of 
typical samples not falling within the limits of the diagram. 

(i) The percentage of the sample boihng either below 104.7° 
or above 115.9° "^^Y ^^ below 5. 

In this case 90 c.c. only of the sample is taken, and mixed 
previous to distillation with 10 c.c. of pure benzene if in the first 
test the distillate below 104.7° ^^s been found less than 5 per cent., 
or with 10 c.c. of xylene if the amount boiling above 115.9° ^^.s 
been found below 5 per cent. 

Thus if the first test showed less than 5 per cent, below 104.7°, 
and a mixture of 90 c.c. of the sample with 10 c.c. of benzene 
gave 10 per cent, below 104.7° ^Jid 17 c.c. above 115.0°, the per- 
centage of benzene in the mixture is found from the diagram 
to be 15 and that of toluene 74. As 10 c.c. of benzene was 



268 COAL TAR DISTILLATION 

added and no toluene, the 90 c.c. of the original sample contains 
15 — 10 c.c. =5 c.c. of benzene and 74 c.c. of toluene, and the per- 
centage of benzene, toluene, and xylene in the original sample 
is as follows : 

^ 5 X 100 . 

Benzene = -^ = 5.5 per cent. 

Toluene = -^ =82.2 „ 

90 

Xylene, by difference = 12.3 „ 

(2) The percentage boiling both below 104.7° ^^^ above 
115.9° '^^y ^^ ^^ ^^w *^^t there is no corresponding entry 
in the diagram. 

In this class, which includes samples containing high per- 
centages of toluene, 80 c.c. of the original sample may be taken 
and mixed with 10 c.c. of pure benzene and 10 c.c. of pure xylene, 
and the percentage of benzene and toluene in the mixture de- 
termined as above. The percentage of benzene thus found, 
less the 10 c.c. of benzene added, multiplied by 100 and divided 
by 80, gives the percentage of benzene in the original sample, 
and that of toluene without deduction, also multiplied by 100 
and divided by 80, gives the percentage of toluene in the original. 

Thus if a mixture of 80 c.c. of a sample with 10 c.c. of benzene 
and 10 c.c of xylene showed the presence of 14 per cent, of ben- 
zene and 74 per cent, of toluene, the original 80 c.c. contained 
14-10 c.c. = 4 c.c. of benzene and 74 c.c. of toluene, the per- 
centage of benzene is 5.0, that of toluene 92.2, and the xylene 
by difference 2.8. 

(3) The percentage boiling above 115.9° ^^Y ^^ ^^ ^S^ that 
there is no corresponding entry in the diagram. 

In this class 80 c.c. is taken and mixed with 20 c.c. of benzene 
previous to distillation. The figure found for percentage of 
benzene in the mixture less the 20 c.c. added, and the toluene 
figure without deduction, multiphed by 100 and divided by 
80, give the percentages of benzene and toluene in the original 
sample. 

(4) The percentage boiUng below 104.7° may be so high that 
there is no corresponding entry in the diagram. 

In this class, which comprises samples containing relatively 
high percentages of benzene and low percentages of toluene, 
80 c.c. of the sample is mixed with 20 c.c. of pure toluene. The 
figm-e found for percentage of benzene in the mixture, without 
deduction, and the toluene figure, less the 20 c.c. added, give 
the amount of benzene and toluene contained in 80 c.c. of the 
sample. 

Thus if 80 c.c. of a sample mixed with 20 c.c. of pure toluene. 
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showed as the result of the distillation of the mixture the 
presence in the latter of 29 per cent, of benzene and 58 per cent, 
of toluene, the number of c.c. of benzene in 80 c.c. of the original 
sample is 29 and that of toluene 58 — 20 =38 c.c, and the per- 
centage composition of the sample is 36.2 pei cent, benzene, 
47.5 per cent, toluene, and (by difference) 16.3 per cent, xylene. 



Correction for Paraffin Content of Toluene in Government 

Toluol Contracts 

In the case of Government contracts for the supply of com- 
mercial toluol, the correction for paraffin content, which is only 
required on the percentage of toluene, is made in the following 
manner : 

100 c.c. of the sample is placed in a round- bottomed flask of 
150-200 c.c. capacity, ntted with a suitable fractionating colrnnn 
such as a Young 12-bulb " pear " column and distilled at the 
rate of about 4 c.c. per minute from the end of the condenser. 
The fraction distiUing between 107-115° (corrected) is collected 
separately, and its specific gravity at 15.5° C. ascertained by 
any method giving results accurate to the third place of decimals. 
For every o.ooi that the specific gravity is found below 0.868, 
a reduction at the rate of | per cent, is to be made on the amount 
of toluene found by the distillation test. 

Thus if the percentage of toluene found by the distillation 
test is 70, and the specific gravity of the fraction 107-115° 
obtained in the prescribed manner is 0.864 at 15.5^, 4X| =3 per 
cent, of the figure shown by the distillation test is to be deducted. 
The corrected percentage of toluene, allowing for paraffin 
content, is therefore 70-3 per cent, of 70 =70 — 2 =68 per cent. 

Correction of both Benzene and Toluene Percentages for 
Paraffin Content in Commercial Toluol 

When the mixture of benzene, toluene, and xylene is to be 
analysed for both benzene and toluene content, and contains 
also moderate amounts of paraffins (4-5 per cent.), an 
approximate correction for these may be made as follows : 

The distillation of 100 c.c. of the sample is carried out in the 
manner already described, and the percentages boihng below 
104.7°, between 104.7-115.9°, and above 115.9° ascertained, and 
in addition the sp. gr. of the fractions below 104.7° ^^^ between 
104.7-115.9° determined at 15.5° C. by any method giving results 
correct to the third decimal place. If the temperature is above 
or below 15.5° C, the result may be corrected to that tempera- 
tiure by adding 0.0009 for each degree above or deducting 0.0009 
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for each degree below 15.5°. The " uncorrected " percentages 
of benzene and toluene are then ascertained by means of the 
diagram. For each o.ooi that the sp. gr. of the fraction below 
104.7° ^s found less than 0.873, a reduction at the rate of i.o per 
cent, is to be made on the *' uncorrected '* percentage of benzene, 
and for each o.ooi that the sp. gr. of the fraction 104.7-115.9° is 
found below 0.870, a reduction at the rate of frds per cent, is 
to be made on the '* uncorrected *' percentage of toluene. 

Thus, for example, the distillation of 100 c.c. of a sample of 
commercial toluol containing paraffins gave the following 
results : 

Below 104.7° • 29.8 per cent. sp. gr. pt 15.5° = 0.864 
104.7-115.9° . 47.6 „ sp. gr. at 15.5° = 0.867 
Above 115.9° • 22.5 

From the diagram the uncorrected percentages of benzene 
and toluene are : 

Benzene . . . 23.5 per cent. 
Toluene . . . 60.0 „ 

The sp. gr. of the fraction below 104.7° heing 0.864 or 9 in 
the third decimal place below 0.873, and that of the fraction 
104.7-115.9° 0.867 or 3 in the third decimal place below 0.870, 
the corrected percentages are found as follows : 



Benzene 

Percent. 

Benzene, uncorrected . . . . = 23.5 

Paraffin correction 9x1=9 per cent, of 

23.5 per cent. . . . . . = 2.1 



Benzene, corrected for paraffins . . . = 21.4 

Toluene 

Percent. 

Toluene, uncorrected . . . . = 60.0 

Paraffin correction 3x1 = 2 per cent, of 

60 percent. . . . . . = 1.2 



Toluene, corrected for paraffins . . . = 58.8 

Removal of Carbon Bisulphide 

The small amounts of carbon bisulphide sometimes present 
in commercial toluol do not materially affect the results. In 
the case of products which contain large amounts of benzene, 
such as 5o/90*s benzols, this impurity is often present in con- 
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siderable quantity and must be removed before analysis by the 
above method. 

For this purpose, 250 c.c. of the sample is placed in a separat- 
ing funnel, 30 c.c. of a 10 per cent, alcoholic solution of caustic 
soda or 10 per cent, alcoholic sodium ethylate added, and the 
whole well shaken, after which 100 c.c. of water is added with 
renewed shaking. After settling, the lower layer is run off, and 
the oil washed twice with successive quantities of 20 c.c. of 
water, the washings being added to the alcoholic soda extract. 
The oil is then dried for thirty minutes with a Httle anhydrous 
calcium cliloride, filtered into a 250 c.c. flask through a small 
amount of cotton wool placed in the stalk of a funnel, the 
drying material and filter being washed with sufficient pure 
xylene to make up the volmne to 250 c.c. 

(The alcoholic caustic soda or sodium ethylate may be made 
with ethyl alcohol, or with " industrial *' methylated spirit, 
but not with ordinary methylated spirit, as the latter contains 
paraffins.) 

The oil thus treated represents the original sample, except 
that the carbon bisulphide in it has been replaced by xylene, 
and the determination of the percentage of benzene and toluene 
may be made in the manner already described. The difference 
between the combined percentages of benzene and toluene and 
100, however, no longer gives the percentage of xylene, but that 
of xylene +carbon bisulphide in the original sample. 

If an estimation of the carbon bisulphide is required, this 
may be made as follows : The combined alcohoUc soda extract 
and washings are boiled to drive off alcohol, cooled and made 
up to 250 c.c. 25 c.c. of this solution (containing therefore the 
carbon bisulphide present in 25 c.c. of the sample) is boiled with 
3-4 grammes of sodium peroxide, which converts the sulphur of 
the carbon bisulphide into sodium sulphate. The solution is 
then made slightly acid with hydrochloric acid, filtered, and 
the sulphur determined as barium sulphate in the usual manner. 
The weight of barium sulphate found multipUed by 0.163 gives 
the number of grammes, or multiplied by 0.128 the mmaber of 
c.c, of carbon bisulphide present in 25 c.c. of the sample, and 
these figures multiplied by 4 give respectively the number of 
grammes of CSg per 100 c.c. and percentage by volume of the 
carbon bisulphide in the original sample. 

Analysis of Unwashed Commercial Toluol 

In the case of a sample of toluol which has not been previ- 
ously freed from unsaturated compounds and phenols, these 
must be removed before analysis. For this purpose 250 c.c. 
of the sample are placed in a separating funnel, and shaken for 
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5 minutes with 20 c.c. concentrated sulphuric acid, and allowed 
to settle for 15 n^inutes. The acid layer is then run off, and 
the residual oil washed successively with 20 c.c. of 10 per cent, 
aqueous caustic soda and 20 c.c. of water. If carbon bisulphide 
is also present in more than small amount, this is also removed 
by means of alcoholic caustic soda in the manner already 
described. The oil is then dried for 30 minutes with a 
little anhydrous calcium chloride, and filtered through a small 
amount of cotton wool placed in the stalk of a funnel, the dry- 
ing material and fUter being washed with 2 to 3 c.c. of pure 
xylene and the filtered oil distilled, using good column, up to 
140° C, collecting the distillate in a 250 c.c. flask. The contents 
of the latter are made up to 250 c.c. with pure xylene, and 
well mixed by shaking. 

The oil thus obtained represents the original sample, except 
that the unsaturated compounds, phenols and carbon bisul- 
phide have been replaced by xylene, and the determination of 
the percentage of benzene and toluene is then carried out as 
already described. Here also the difference between the com- 
bined percentages of benzene and toluene and 100 no longer 
gives the percentage of xylene, but that of xylene -f-impurities. 

Unsaturated Compounds, etc, in Washed Commercial Toluol 

90 c.c. of a sample of washed commerciqil toluol, when shaken 
for 5 minutes with 10 c.c. of 90 per cent, sulphuric acid, should 
not impart more than a light brown colour to the acid layer. 

Comparative Quantitative Test for Amount 0} Unsaturated Com- 
pounds present in Commercial Benzol, Toluol, etc, 

A comparative quantitative indication of the extent to which 
a sample of washed commercial benzol, toluol, or solvent 
naphtha still contains impurities such as unsaturated com- 
pounds and thiophen derivatives, may be obtained by deter- 
mination of the amount of oxygen it will absorb from potassiimi 
permanganate under specified conditions, as follows : 

80 c.c. of water and 10 c.c. of dilute sulphuric acid (made by 
adding i part by weight of concentrated sulphuric acid to 3 
parts by weight of water) are placed in a stoppered bottle of 
about 300 c.c. capacity, to which 10 c.c. of the sample of benzol, 
toluol, or solvent naphtha is added, and the whole shaken. 

The temperature of the Hquid should be maintained at as 
near 15° C. as practicable and should not exceed 25°. 

50 c.c. of decinormal permanganate solution is then added, 
and the whole shaken continuously for exactly three minutes ; 
if, at the end of half a minute, the permanganate solution is 
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markedly decolorised, a further 50 c.c. of decinormal perman- 
ganate is added and the shaking then continued for a further 
2j minutes. The excess of permanganate is then immedi- 
ately destroyed by the addition of 10 c.c. of a 10 per cent, solu- 
tion of potassiimi iodide, with vigorous shaking. 

The resulting solution containing iodine is then titrated 
with decinormal sodiimx thiosulphate solution, shaking well 
between each addition, until both layers in the bottle become 
completely colourless. The end-point of the titration is sharply 
indicated by the final disappearance of the violet colour of the 
benzene layer, and there is no necessity to add starch as 
indicator. 

The number of c.c. of thiosulphate solution required for the 
titration is deducted from the volume of permanganate solu- 
tion taken, the difference giving the number of c.c. of decinormal 
potassium permanganate solution reduced by 10 c.c. of the 
sample under the above conditions, and this figure gives a com- 
parative indication of the extent to which the sample contains 
oxidisable impurities. 

If the number of c.c. of potassium permanganate solution 
used is multipHed by 0.008, the resulting figure gives the number 
of grammes of oxygen absorbed from permanganate by 100 c.c. 
of the sample. 

Analysis of Crude Benzol from Coal-gas or Analogous Products 
consisting chiefly of Benzene, Toluene in smaller Proportion, 
and still smaller Proportions of Solvent and Heavy Naphtha 
Constituents, 

r 

The sp. gr. of the sample is taken and recorded. (Specific 
gravities throughout are to be given at 15-5° C. or 60° Fahr. 
compared with water at 15-5° C. or 60° Fahr. Correction for 
temperature 0.0009 for each degree C. or 0.0005 for each degree 
Fahr.) 

250 c.c. of the sample are distilled from a round-bottomed 
flask (preferably of metal) fitted with a Young 12-bulb " pear " 
column (or other efficient column the contents of which drain 
out completely), and the distillate to 170° C. collected and 
measured, the rate of distillation being about 4 c.c per minute. 

Loss on Alkali Washing. — ^The distillate is well shaken with 
50 c.c. of 10 per cent, aqueous caustic soda, allowed to settle, 
the caustic layer run off, the oil washed with 20 c.c. of water, 
and the residual oil measured. The loss of volume is taken as 
the loss on alkaU washing, and calculated as percentage of the 
original oil. 

Loss on Acid Washing. — ^The oil after alkali washing is shaken 
with 8 per cent, of its volume of concentrated sulphuric acid 

s 
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for five minutes, allowed to settle for fifteen minutes, and the 
residual oil washed successively with water, 20 c.c. of 10 per cent, 
aqueous caustic soda, and finally with 20 c.c. of water. The 
volume of washed oil is measured, and the additional loss of 
volume taken as loss on acid washing and calculated as per- 
centage ol the original oil. 

(If the loss on alkali washing and acid washing are not re- 
quired separately, the washing with 50 c.c. of caustic soda 
solution is omitted, and the washing carried out direct with 
8 per cent, of concentrated sulphuric acid, alkah .and water, as 
under ** loss on acid washing." In that case, the observed loss 
is ** loss on acid and alkah washing.") 

The washed oil is dried with calcium chloride for 30 minutes, 
then filtered through a Uttle cotton-wool placed in the stalk of 
a funnel, the dr5dng material and filter being washed out with 
2-3 c.c. ot xylene. 

The dried oil is then redistilled, using a Young 12-bulb 
" pear " or other efficient column, at the rate of about 4 c.c. 
per minute, and the following fractions collected : — 

(i) Fraction up to 90®. 

(2) Fraction 90-140°. 

(3) Fraction 140-170°. 

(4) Residue at 170°. 

Fractions (i), (2) and (4) are measured, but the fraction 
140-170° is neglected, as this contains most of the xylene added 
for washing out the calcium chloride, and the volume of this 
fraction is taken as the difference between the sum of the volumes 
of (i), (2) and (4) and the volume of oil after alkah and acid 
washing. 

Note. — ^With samples which only contain small amounts of 
xylene, etc., the thermometer in the above distillation may not 
reach 140°. In that case more xylene is added to the residue 
in the flask, and the distillation continued to 140°, the deter- 
mination of fractions (3) and (4) being in that case omitted. 
This addition of xylene must not be made before the fraction 
" up to 90° " has been collected. 

Fractions (i) and (2) are then further examined as follows : — 

(i) Fraction up to 90°. 

The first fraction, obtained under the specified conditions, 
consist of benzene and toluene only, together with small amounts 
of carbon bisulphide and paraffins, if these were present in the 
original sample. These, if present and to be allowed for, are 
estimated in the manner described later. 

Assimiing their absence, in order to determine the percentages 
of benzene and toluene in this fraction, this is distilled in the 
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Engler standard flask prescribed in the ** Commercial Toluol " 
test at the rate of 7 c.c. per minute, and the percentage boiling 
up to 85° (corr.) ascertained. (When the total volume of the 
fraction exceeds 100 c.c, only 100 c.c. of it is taken for the 
analysis.) 

From the percentage boihng up to 85® (corr.), the percentage 
of toluene is found by means of a graph, which is best worked 
out for the actual thermometer and apparatus used by distilling 
in it the following mixtures : — 





Pure Benzene. 


Pure Toluene. 


(I) . . 


. 97 C.C. 


3 c.c. 


(2) . . 


.94 C.C. 


6 c.c. 


(3) . 


.90 C.C. 


10 c.c. 


(4) • • 


. 85 C.C. 


15 c.c. 


(5) . . 


. 80 C.C. 


20 c.c. 



From the percentage of these known mixtures boiling up to 
85° (corr.), a graph is plotted out with the percentage of toluene 
as ordinates and the percentage of distillate to 85° at abscissae, 
and this graph can then be employed for finding the percentage 
of toluene and (by difference) of benzene in an unknown mixture 
of the two from the percentage distilUng up to 85°. Working 
in this manner, errors due to incorrect graduation of the ther- 
mometer are eliminated. 

Note. — In drawing up the graph, some temperature other 
than 85° may be adopted if desired, such as 90°, but for percent- 
ages of toluene such as are found in the fraction *' up to 90° *' 
from crude benzols (mostly from 5-10 per cent.), 85° is a con- 
venient temperature. The essential point is that the tempera- 
ture of interruption employed in the analysis is the same as that 
used in the tests of known mixtures for plotting out the graph). 

The correction of the thermometer for barometer and un- 
heated stem may be made according to the tables given by 
Northall-Laurie (Analyst, 1915, p. 388), or the approximate 
correction given in the " Commercial Toluol " test may be 
employed. In this the boiUng point of distilled water given by 
the thermometer is taken in a Wurtz flask, with top of ther- 
mometer bulb just below side tube of flask. The amount by 
which this figure is below (or above) the temperature shown by 
tMs thermometer as the boihng point of water at normal bar- 
ometer with stem completely heated (loo** if thermometer is 
correctly graduated) gives the correction for barometer and un- 
heated stem at the then barometric pressure, and this figure 
must be deducted from (respectively added to) 85*^ to find the 
actual temperature to be used on that thermometer at the then 
barometric pressure. 
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Fraction 90-140°. 

This fraction, obtained under the conditions specified, con- 
sists of benzene, toluene and xylene only, together with any 
paraffins of similar boihng point which may be present in the 
original. The estimation and allowance for the latter, when 
present, is considered later. 

Assuming for the present their absence, the amount of 
benzene, toluene and xylene present is determined as follows : — 

40 c.c. of the fraction (or the whole of it if there is less than 
40 c.c.) is mixed with 50 c.c. of pure toluene, and made up to 
100 c.c. with pure benzene, and the percentage of benzene, 
toluene and xylene in this mixture found by the method pre- 
scribed in the examination of Commercial Toluol, pages 262 
to 269. The percentage of benzene found, less the volume of 
benzene added, and the percentage of toluene less the volume of 
toluene added, and the percentage of xylene without deduction, 
give the number of c.c. of benzene, toluene and xylene contained 
in the 40 c.c. (or smaller quantity) of the fraction taken, and 
from these the amount of the three constituents in the total 
volume of the fraction and in 100 is found by proportion. 

The amounts of benzene and toluene found respectively in 
the two fractions " up to 90° '* and ** 90-140° " are then added 
together, giving the total amount of each in the 250 c.c. origin- 
ally taken, and these figures multipHed by 0.4 or divided by 2.5 
give the percentages of benzene and toluene in the sample, 
assuming that carbon bisulphide and paraffins are absent. 

Fraction 140-170°. 

This fraction, found by difference, consists of constituents 
of solvent and heavy naphtha. To this volume is added the 
total number of c.c. of xylene, found in fraction 90-140°, the 
sum of the two giving an approximate estimation of the volume 
of the solvent and heavy naphtha in the crude benzol, and this 
volume, multipUed by 0.4 or divided by 2.5, gives their per- 
centage of the original. 

Fraction above 170°. 

This fraction consists of high boihng substances which came 
over with the distillate to 170° of the original oil, plus high 
boihng substances formed by the action of concentrated sulphuric 
acid on the unsaturated compounds present in the crude dis- 
tillate to 170°. The volume found multiphed by 0.4 or divided 
by 2.5, gives the percentage of high boLling substances in the 
washed distillate to 170°, calculated on the original crude benzol. 



TARWORKS' TESTS 



277 



Example, 

(CSg and paraffins assumed to be absent.) 

250 c.c. of a crude benzol (sp. gr. 0.898) gave 208 c.c. distillate 
up to 170° : — 

Per cent, of original. 

Up to 170® ..... 83.2 per cent. 
Residue at 170° (by diff.) . . 16.8 

The 208 c.c. up to 170° gave 206 c.c. after alkali washing and 
190 c.c. after acid washing : — 

Loss on alkali washirig= 2 c.c.=o.8 per cent, of original. 
,, „ acid ,, =16 c.c.=6.4 per cent. „ „ 
The above 190 c.c. of washed oil after drying, etc., gave : — 
(i) Up to 90° ...... 126.5 c.c. 

(2) 90-140° . . . . . .51.0 c.c. 

(3) 140-170° by difference • • • 3-5 c.c. 

(4) Above 170° ..... 9.0 c.c. 



190.0 c.c. 



Fraction up to 90°. 

100 c.c. of the 126.5 c.c. gave 86.0 per cent. distilUng to 85° 
(corr.) 

Therefore from graph . . Benzene = 92.1 per cent. 

Toluene = 7.9 
And in the whole 126.5 c.c Benzene = 116.5 c.c. 

Toluene = lo.o c.c. 

Fraction 90°-i40°. 

40 c.c. of the 51 c.c. of this fraction were mixed with 50 c.c. 
pure toluene and 10 c.c. pure benzene, and the 100 c.c. of mixture 
distilled in accordance with the " Toluol-test " specification, 
giving— 

Per cent. 
27.2 
. 63.5 



Up to 105° (104.7° N.P.L.) 
105-117° (1047-115.9° N.P.L.) 
Above 117° (115.9° N.P.L.) 



9.0 



Therefore, there are : — 






99-7 




In Mixture. > 

1 


In 40 c.c. of 
Fraction. 


1 
1 

In whole 
1 5 1 c.c. of 

' Fraction. 

1 


Comp. of 
Fraction. 


Benzene . 
Toluene . 
Xylene . 


18.8 C.C. ( - 10) 

73.2 C.C. (-50) 

8.0 c.c. ( - 0) 

1 


= 8.8 C.C. 
— 23.2 C.C. 

— 8.0 c.c. 


1 

11. 2 C.C. 
29.5 C.C. 

10.3 C.C. 

1 


22.0 

58.0 
20.0 
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Adding up the benzene and toluene found in the combined 
fractions ** up to 90° " and " 90-140° " and adding the xylene 
found in the latter fraction to the fraction " 140-170 " giving 
an approximate representation of the solvent and heavy naphtha, 
there are in the 190 c.c. of washed distillate and in the 250 c.c. 
original : — 



Fraction up to 90° 
90° to 140° 
140° to 170° 
above 170° 



tt 



a 
ft 



Total in 250 c.c. of original 



Benzene. 


Toluene. 


Xylene and 
S. and H. 
Naphtha. 


II6.5 
II.2 

• • 

• • 


lO.O 
295 

• • 

• • 


1 

1 

• • 

10.3 

3-5 

• . 


127.7 , 

-51.1% 


39-5 

-15.8% 


13-8 

-5-5% 



Above 170" 

in washed 

dist. 



• • ft 

• • H 



9.0 



9.0 C.C 

=3.6% 



The complete result is therefore as follows : — 

Sp. gr. at 15.5 = 0.898. 

Benzene ....... 

Toluene . . . . . . 

Solvent and heavy naphtha (approximate) 
Loss on alkaU washing of fraction to 170° 
Loss on acid washing of fraction to 170° . 
Substances boihng above 170° in distillate up to 
170° after acid washing .... 

Fraction of original above 170° 



Percent. 
15.8 

0.8 
6.4 

3.6 
16.8 



Carbon Bisulphide and Paraffins, 

When carbon bisulphide and paraffins are present they may 
be estimated in the above fractions of the washed distillate up 
to 140° as follows : — 



Fraction up to 90°. 

The distillate up to 85° and residue from this fraction are 
remixed, and the sp. gr. of the mixture at 15.5° taken and noted. 
It is then mixed in a separating funnel with 50 c.c. of alcohol 
free from paraffins, five grammes of solid caustic soda (roughly 
powdered) added, and the whole shaken for five minutes. (If 
preferred, 50 c.c. of 10 per cent, alcoholic caustic soda or sodiiun 
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ethylate may be used in place of solid caustic and alcohol, but 
unless these solutions are freshly prepared, more trouble is ex- 
perienced in the subsequent setthng, in washing, owing to for- 
mation of resinous substances in the solutions on keeping.) 
200 c.c. of water is then added with renewed shaking, and after 
settUng, the lower aqueous layer is run off, the oil washed twice 
with successive quantities of 25 c.c. of water, and dried with 
calcium chloride. The sp. gr. of the dried oil is then taken 
accurately to the nearest third decimal place. 

The percentage of toluene in this fraction has been previously 
ascertained (uncorrected for paraffins) by the percentage distill- 
ing up to 85° (corr.) and the sp. gr. is calculated which a mixture 
of this composition of pure benzene and toluene should have, 
the sp. gr. of pure benzene being taken as 0.885 and of pure 
toluene as 0.870. 

From the three sp. gr.'s thus found or calculated, namely : — 

Sp. gr. of original fraction to 90°, 

„ ,, ,, „ after removal of CSg, 

calculated for benzene and toluene mixture of the 



it 



uncorrected " composition found. 



the percentage of CSg and paraffins can be found in the follow- 
ing way, the sp. gr. of CSg being taken as 1.27 and of the paraffins 
present in this fraction as 0.73. 



(i) Carbon Bisulphide, 

If CSg per cent. = x, 

Then 1.27^:1; + (100 —x)x (sp. gr. of fraction to 90° after CSg 

removal) =100 x (sp. gr. of fraction to 90° before CSg 

removal). 

Paraffins, 

If paraffins per cent. = y. 

Then o.73y +(100 — y) x (sp. gr. calc. for pure benzene and 
toluene) = 100 x (sp. gr. of fraction after CSg removal). 



Fraction 90-140®. 

This fraction contains no CS2, and only paraffins in addition 
to benzene, toluene and xylene. To determine the amount of 
the latter the sp. gr. of the fraction is taken to the nearest third 
decimal place, and in addition, the sp. gr. is ascertained by cal- 
culation that the mixture would have if paraffins were absent. 
For this purpose, the percentages of benzene, toluene and xylene 
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in the fraction, uncorrected for paraffins, already found, are 
multiplied by the respective sp. gr.'s of pure benzene (0.885), pure 
toluene (0.870) and xylene (0.866), and the sum of the multiples 
divided by 100. The figure thus obtained gives the sp. gr. which 
a mixture of the pure substances would have when of given com- 
position provided no contraction or expansion occurs on mixing 
them ; the average expansion in the case of mixtures of the three 
in the proportions usually occurring in the fraction 90-140** is, 
however, such as to lower the sp. gr. by o.ooi from that calcul- 
ated as above. From the figures thus found, therefore, o.ooi 
must be deducted to give the correct sp. gr. of the mixtures of 
pure benzene, toluene and xylene. 

From these two sp. gr. figures, namely : — 
(i) Actual sp. gr. of fraction 90-140°. 
(2) Calculated sp. gr. of paraffin free mixture, 

and assuming the sp. gr. of the paraffin presents in this fraction 
as 0.74, the percentage of the latter is calculated as follows : — 

If ^=per cent, of paraffins, 
then o.74z+(ioo— ^)x(calc. sp. gr.) = 100 x (actual sp. gr.). 

Example. 

Continuing the example from p. 274 the correction for and 
estimation of carbon bisulphide and paraffins are as follows : — 

Fraction up to 90° 

Sp. gr. found for fraction before CS2 removal = 0.883. 

after „ „ = 0.881. 

Calculated sp. gr. of 92.1 per cent, pure benzene and 7.9 per 
cent, pure toluene 

^ 92.1x0.885+7.9x0.870 ^^ gg 

100 * ^ 

Then if CS2 per cent. = x, and paraffin per cent. = y 

i.27a;-1-(ioo— ;»;) x 0.881=100 X 0.883. 

^c, 88.3—88.1 0.2 ^ . 

or CSo= 06- = — o-=o-5 per cent. 

^ 1.27— 0.881 0.389 ^ ^ 

and o.73y+(ioo—y)x 0.884=100x0.8810, 

^ 88.4-88.1 0.3 

or paraffins = po = — ^=i-9 P^r cent. 

^ 0.884—0.73 0.154 

The CS2 and paraffins in this fraction, therefore, together 
amount to 2.4 per cent., so that 2.4 per cent, of the percentage 
found for benzene and toluene must be deducted, and the com- 
position of the fraction up to 90° is — 
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In 100 C.C. 



\.>Oq • • • ■ • 

Paraffins .... 
Benzene (92.1—2.4 p.c. of 92.1) 
Toluene (7.9—2.4 p.c. of 7.9) . 



In the total 
126.5 C.C. of Fraction. 



Per cent. 

0.5 
1.9 

89.9 

1-1 



Percent. 
0.6 

2.4 

II3.7 
9.8 



100. 



126.5 



Fraction 90-140°. 

Sp. gr. of fraction found = 0.869. 

Comp. of fraction (uncorr. for paraffins) see p. 279. 



Benzene 
Toluene 
Xylene 



In 40 C.C 



8.8 C.C. 

23.2 C.C. 

8.0 C.C. 



Percent. 



22.0 

58.0 
20.0 



•O.OOI: 



Therefore calculated sp. gr. for above with no paraffins 
determined in the manner specified 

_ 22X 0.885+58x0.870+20x0.866 
"" 100 

0.873—0.001=0.872. 
If paraffins in fraction = z. 

Then 0.74Z + (100—^) x 0.872 = 100 x 0.869, 

Or paraffins = —2^ ^ = 2.3 per cent. 

^ 0.872 -0.74 ^ ^ 

2.3 per cent, of the ** uncorrected " percentage of benzene, 
toluene and xylene found on p. 277 must therefore be deducted, 
so that the composition of fraction 90-140°, corrected for 
paraffin, is — 





In 100 c.c. 


In total 51 C.C. of 
Fraction. 


Paraffins 

Benzene (22—2.3 per cent, of 22) . 
Toluene (58—2.3 per cent, of 58) . 
Xylene (20—2.3 per cent, of 20) . 


Per cent. 
2.3 
21.5 
56.7 


1.2 C.C. 
II.O C.C. 
28.9 C.C. 

9.9 C.C. 




lOO.O 


51.0 C.C. 
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Adding together the CS2, paraffin, benzene and toluene, 
found in the fractions " up to 90° '* and ** 90-140°/' and pro- 
ceeding otherwise as given on p. 277 when paraffins are absent, 
there are in the original 250 c.c. of oil and in the 190 c.c. of 
washed distillate from it : — 



Fraction of washed dist. 



Up to 90° 
90° to 140° 
140** to 170' 
Above 170° 



Total in 250 c.c. of 

original sample. 
Per cent, of original 




0.6 
0.2 



3.6 124.7 ! 38.7 



1.4 , 49.9 



13.4 9.0 c.c. 



15.5 ; 54 



3.6% 



The complete analysis, therefore, including the estimation 
of carbon bisulphide and paraffins, comes out as follows : 

Percent. 

Carbon bisulphide ...... 0.2 

Paraffins in fraction to 140"^ . . . . 1.4 

Benzene ....... 49.9 

Toluene ....... 15.5 

Solvent and heavy naphtha (approx.) . . '5-4 

Loss on alkali washing of fraction to 170° . . 0.8 

Loss on acid washing of fraction to 170° . . 6.4 
Substances boihng above 170° in distillate up to 170° 

after washing ...... • 3.6 

Fraction of original above 170° . . . 16.8 

To save the calculation of the percentages of paraffins and 
of carbon bisulphide from the observed sp. gr.'s, and also to 
find the calculated sp. gr. of the paraffin free mixtures graphs 
can be employed, which are readily plotted out. 



APPENDIX 

The following is a copy of a form issued by the Home Office, 
which should be mounted and hung in a prominent position in 
all tar distilleries : — 

Form 939. 

September, 1910. 

FACTORY AND WORKSHOP ACT, 1901. 

Tar Distilling. 

The following directions are approved by the Home Office, 
and are applicable to factories in which is carried on the 
distiUation of tar for the production of naphtha, light oil, 
creosote oil, and pitch. 

Fencing, 

1. All uncovered tar reservoirs, wells and tanks, unless con- 
structed so as to be at least three feet in height above the ground 
or platform, should be securely fenced, with either a brick wall 
or double rails, to the height of three feet. 

Cleaning 

2. During the process of cleaning, every tar still should be 
completely isolated from adjoining tar stills either by dis- 
connecting the pipe leading from the swan-neck to the condenser 
worm, or by disconnecting the waste gaspipe fixed to the worm 
end or receiver. Blank flanges should be inserted between the 
disconnections. In addition, the pit discharge pipe or cock at 
the bottom of the still should be disconnected. 

Ventilation 

3. Every tar still should be ventilated and allowed to cool 
before persons are allowed to enter. 

Inspection 

4. Every tar still should be inspected by the Foreman or 
other responsible person before any workman is allowed to enter. 

5. The inspecting Foreman on first entering any tar still or 
tank, and all persons employed in tar stills or tanks in which 
there are no cross stays or obstructions likely to cause entangle- 
ment, should be provided with a belt securely fastened round 
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the body, with a rope attached, the free end being left with two 
men outside whose sole duty should be to watch and draw out 
any person appearing to be affected by gas. The belt and rope 
should be adjusted and worn in such a manner that the wearer 
can be drawn up head foremost and through the manhole and 
not across it. 

Remedy for Gassing 

6. A bottle of compressed oxygen, with mouthpiece, should 
be kept at all times ready for use ; and printed instructions as 
to the use of this bottle, and the method to be employed for 
resuscitation by means of artificial respiration, should be kept 
constantly affixed. A draft of such instructions is appended. 

Respirators 

7. A supply of suitable chemical respirators properly charged 
and in good condition should be kept ready for use in case of 
emergency arising from sulphuretted hydrogen or certain poison- 
ous gases. (Granules of carbon saturated with a solution of 
caustic soda readily absorb sulphuretted hydrogen and may be 
used for charging respirators.) 

Lights 

8. The use of naked hghts should be strictly prohibited in 
any portion of the works where gas of an inflammable nature is 
liable to be given off. 

Safety Valve 

9. Each still should be provided with a proper safety valve, 
which should at aU times be kept in efficient working condition. 

B. A. WHITELEGGE, 

Chief Inspector of Factories, 
Home Office, 
December, 1909. 

Gassing 

Symptoms. — ^The first symptoms are giddiness, weakness in 
the legs, and palpitation of the heart. If a man feels these he 
should at once move into fresh warm air, when he will quickly 
recover if slightly affected. He should avoid exposure to cold. 
He should not walk home too soon after recovery ; any exertion 
is harmful. 

First Aid. — Remove the patient into fresh warm air. Send 
for the oxygen apparatus. Send for a doctor. Begin artificial 
breathing at once if the patient is insensible and continue it for 
at least half an hour, or until natural breathing returns. Give 
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oxygen* at the same time and continue it after natural breathing 
returns. 

Artificial Breathing (Schafer Method). — Place the patient 
face downwards as shown in the diagrams. 




Diagram x. Diagram 3. 

Kneel at the side of the patient and place your hands flat in 
the small of his back with thumbs nearly touching, and the 
fingers spread out on each side of the body over the lowest ribs 
(see Diagram i). 

Then promote artificial breathing by leaning forward over 
the patient and, without violence, produce a firm, steady, down- 
ward pressure (see Diagram 2). Next release all pressure by 
swinging your body backwards without hfting your hands from 
the patient (see Diagram i). 

Repeat this pressure and relaxation of pressure without any 
marked pause between the movements, about 15 times a minute, 
until breathing is estabhshed. 

♦Use of Oxygen Cylinder. — Open the valve gradually by 
tapping the lever key (which must first be extended to its full 
length) with the wrist, until the oxygen flows in a gentle stream 
from the mouthpiece into the patient's mouth. The Hps should 
not be closed round the mouthpiece. The nostrils should be 
closed during breathing in, and opened during breathing out. 

If the teeth are set, close the hps and one nostril. Let the 
conical end of the mouthpiece shghtly enter the other nostril 
during breathing in, and remove it for breathing out. 

The following particulars relating to sulphuretted hydrogen 
(SHg), and carbon monoxide (CO), pubUshed by *' Mentor " in 
The Gas World of November 21, 1908, will prove useful to those 
interested in tar distillation : — 

Symptoms of Poisoning by Carbon Monoxide 

Usually the first thing noticed by a person who is moving 
about and has inhaled the gas is a tendency to palpitation, dizzi- 
ness or faintness and shortness of breath after exertion, follow- 
ing which there is a general weakening of the muscular, mental 
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and sensory faculties. The patient is usually drowsy. When 
the blood has become about 50 per cent, saturated it is hardly 
possible for one to stand upright or walk, and with higher degrees 
of saturation the mental and muscular enfeeblement becomes 
more and more pronounced. One noteworthy point in con- 
nection with carbon monoxide poisoning is that very httle actual 
distress results from the inhalation of the gas. After paralysis 
of the Umbs, the senses gradually become more and more 
benumbed, as they would be by the administration of a gentle 
anaesthetic. With less than i per cent, of CO in the air, death 
is very gradual and peaceful, and with more than i or 2 per cent., 
loss of consciousness is usually followed by convulsions, and 
death rapidly ensues. 

Symptoms Produced by Poisoning from SH2 

The symptoms produced by SHg poisoning are due to two 
causes : (i) its direct irritant action on the eyes and air passages, 
and (2) its intensely poisonous action, when absorbed, on the 
brain, heart, etc. Exposure to an atmosphere containing o.oi 
to 0.02 per cent, soon produces inflammation of the eyes, and 
headache. Pain in the eyes often comes some time after the 
exposure, and with great severity, and may recur at intervals 
for several days. With 0.05 of SHg, giddiness and other alarm- 
ing symptoms show themselves, as well as great irritation of 
the eyes, nose, etc. 

Tables showing the Poisonous Effects of Varying Percentages of 

CO and SH^ on Human Beings 

Carbon Monoxide 



Pure 
CO. 



0.05 



O.I 
0.2 



0.4 
I.O 



Percentage of Gas Present. 



Coal Gas 

containing 

7 per cent. 

CO. 



0.7 



1.4 

2.8 



5.6 
14.0 



Carburetted 

Water Gas, 

30 per cent. 

CO. 



Pure 

Carburetted 

Water Gas 

containing 

32 per cent. 

CO. 



Effect on Hiunan Beings. 



0.17 

! 


0.1 


After half an hour to two 
hours, giddiness on exer- 
tion. 


0.30 


0.2 


Do., do., inability to walk. 


0.66 


0.4 


Do., do., loss of conscious- 
ness, and perhaps final 
death. 


1.3 


0.8 


Do., do., probable death. 


1 3-3 

1 


2.0 


After a few minutes, loss of 
consciousness, followed 
before long by death. 
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Sulphuretted Hydrogen 



Percentage 
of SH2 
Present. 



O.OOI 

0.02 

0.05 

0.07 
0.2 



Effect on Human Beings. 



Strong smell of rotten eggs. 

After a few minutes, irritation of the nose, throat and eyes, 

accompanied by coughing. 
Much irritation of the eyes and throat, giddiness and head- 
ache. 
Death after several hours' exposure. 
Death in about one and a half minutes. 



The use of Oxygen in Cases of Gassing, How it is Administered, 
and How Long it Should be Given 

Oxygen is a valuable aid to recovery in cases of poisoning 
from carbon monoxide. It should therefore always be kept 
ready on a gasworks. The oxygen is compressed and stored in 
strong steel cyhnders, usually holding 20 cubic feet. The 
cylinder should be provided with a piece of india-rubber tubing 
at the end of which is a metal mouthpiece. The valve on the 
cyHnder should be opened to the extent necessary to allow 
sufficient oxygen to issue to allow of its being inhaled ** neat/' 
or without much admixture with air. The mouthpiece is then 
placed loosely in the mouth, so that inhalation may proceed 
without distending the lungs. If the person is unconscious, 
the nostrils should be closed, by pinching them with the fingers, 
during the process of inhaling, and left free during the act of 
expiration. The time during which oxygen is administered 
should be at least ten minutes. 
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Acid egg (carbolic and cresylic 

plant), 96, 98 
Acid tar, 142, 143, 144, 145 
Agitators, mechanical, 88, 89, 129 

wooden, 89 
Air-blowing crude cresylic acid, 107, 
128 
pressure to transmit cresylic acid, 
128 
to transmit carbolic acid, 126 
Alkali Act requirements as regards 

foul gases, 54 
Ammonia, examination of pyridine 

for, 231 
Ammoniacal liquor, 72 

receiver, 57 
Ammonium chloride, cause of corro- 
sion of stills, 20, 26 
sulphide, cause of corrosion of 
stills, 10 
Amount of wash oil in circulation, 

219 
Annular ring or tar still seat, 39, 40 
Anthracene, crude, recovery of, 185 
pressing of , 187 
washing of, 187 

chemical and physical pro- 
perties of, 183 

oil. 75 

distillation of, 186 
filtering of salted out, 187 
salting out, 186 
specific gravity of, 75 
still for, 178 
for gas stripping, 213 
plant for manufacture of crude, 

176 
test for percentage of refined 
anthracene in, 256 
for insoluble in benzol, 257 
for paraffin in, 257 
for sand, dirt, etc., in, 257 
tests, 256 
Anthraquinone, 257 
Ash pit, 39, 235 

determination of, in tar, 229 
in pitch, 235 

T 



Balance-sheet for distillation of 

tar, 86, 87 
Bases in coal tar, 3 
Bay, coal tar pitch, 60, 61 
construction of, 60, 61 
cresylic pitch, 106 
depth to run pitch on, 78, 189 
preparation of pitch, 78 
Benzene, preparation of commerci- 
ally pure, 156 
in tar, 3 
chemical and physical properties 

of, 149 
in toluol, determination of, by 
Dr Colman's method, 262 
Benzenoid hydrocarbons, theory of 
extraction of from gas, 218 
in coal gas, determination of, 259 
Benzol, plant for recovery of — 
crude, ^ades of, 222 
determmation of p)n:idine in, 246 

of total sulphur in, 246 
distillation tests, 245 
estimation of fatty hydrocarbons 

in, 246 
fractionation of washed crude, 153, 

154 
method of washing crude, 141- 

143 
preparation of 90's, 153, 154 

of 5o's-9o's, 154 
recovery of, 138 
rectification of, 153, 154 
stills, 130-135 

testing for specific gravity, 245 
washers, 129-136 
Benzolised oil tanks, 204 
steam heaters for, 207 
preheaters for, 207 
testing of, 261 
Berthelot-Mahler bomb calorimeter, 

242, 243, 244 
Black varnish, creosote for, 1 96 
Blastfurnace oil for gas stripping, 215 
Blow-boiler, 96, 98 
Blowing boiler or tank (cresylic 
plant), 107-108 
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Blow-over stills, steam heated, 1 30^ 

133 
fire-heated, 1 30-1 31 

fractionating column for, 131 
Boiler, carbonating, 90 

blow, 96, 98 
Bond's gas-stripping plant, 223 
Bottoms of stills, 24, 27, 28 

cresylic, 127 

pyridine, 174 
Bncks, fire, 37 

brindled, 37 

common, 37 

Staffordshire blue, 37 
Brick storage tanks, 16 
Butterfield cocks, 34, 35, 57 

" C " PROCESS, 201 

Cadmium chloride test, pyridine 

bases, 231 
Cancer, pitch, 191-192 
Cannel coal, tar from, 2 
Carbolate (phenolate), tar acids in, 

125 
boilers or tanks, 89, 90 

pump for, 91 

springing tank, 89 

springing with COj, 124-125 
with sulphuric acid, 123 
Carbolic acid, 113 

COj process for recovering, 88, 
124-125 

continuous process for recovering, 
124-125 

crude, qualities of, 124 

crystallising point test, 253, 254 

determination of water in, 253 

receivers, 94, 107 

solubility test, 253 

sulphuric acid process for recover- 
ing, 88, 117, 123 

testing for specific gravity, 253 

tests, 253-256 

washing oils for, 11 8-1 21, 122 

manufacturing costs in obtaining, 
121 
Carbolic oil, specil&c gravity of, 74 
Carbon, free, m tar, 3, 6, 7-9 
Carbonating boilers, 90 

towers, packed and plate types, 

91, 92, 93. 94. 95 
Carriage of coal tar, 1 3 
Carts for carriage of tar, 14 
Cast-iron tar stills, 20 
Caustic liquors, examination of, 257 
Caustic soda evaporator, 104 

lye, 115-117 
tanks, 103, 163 



Causticisers, 103 

Causticising plant, 103, 104, 105 

soda ash, 115, 116 

spent liquors, 116 
Centrifugal machines, 177 
Chamber retort tar, specific gravity 

of, I 
Change over point crude naphtha 
to light oil, 72, 73 

light oil to light creosote, 73 

light creosote to heavy creosote, 

74 
heavy creosote to anthracene oil, 

75 
points, method used by stillmen 
to determine, 76 
Channel plates of tar still, 27, 28, 40 
Charge block of tar still, 32, 33 
Charge pipe of tar still, 32 

of preheater, 48 
Charging preheater, 71 

tar still, 72 
Chemical composition of tar, i, 2 
Chemical and physical properties of 
benzene, 149 
toluene, 150 
• xylene, 152 
pyridine, 166 
naphthalene, 182 
anthracene, 183 
phenol, 113 
cresol, 113, 114 
Cleaning of tar stills, 78, 79 

precautions to be taken when, 79 
COj gas furnace, 97, 98, 99, 100 
gas, testing of, 258 
manipulation of, 125 
Coal tar, chemical composition of, 
I. 2 
effect of heat of carbonisation, 3 

5 
of nature of raw material on 

physical properties of, i 
of nature of raw material on 

chemical composition of, 2 
how received from gasworks, 13 
physical properties of, 1,2 
results of practical distillation of, 

4. 5^ 
storage of, 14-18 

tips, 13-14 

disinfectants, germicidal value of, 

242 

Coal- versus gas-firing of tar stills, 

45 
Coalite tar, 5, 6 

specific gravity of, 5, 6 

free carbon in, 6 
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Coal tar light oils, yield of pyridine 

from, 175 
Coal gas, determination of naph- 
thalene in, 261 
determination of benzenoid hydro- 
carbons in, 259 
Cock, dipping for tar stills, 33 
Cocks, Butterfield type, 35, 57 

^land, 57 
Coil, preheater, 49, 50 
corrosion of, 50 
end or worm end, 51 
Coke, testing of, 259 
furnace, 97, 98, 99, 100 
gases, testing of, 258 
Coking firing, 46 
Collecting box, 51, 52 
Colour, requirements for pyridine, 

231 
Colman*s method of estimating the 
percentage of benzene, tolu- 
ene and xylene in toluol, 262 
Combustion chamber of tar still 

furnace, 39 
Common bricks, 37 
Compressed air for transmitting 

distillates, 58 
Composition of crude benzol, 222 
Concrete foundations, 15, 36 
storage tanks, 15, 16 
reinforced, Monier system, 15 
Hennebique system, 15 
Concrete, 15 

Condenser tanks, 51, 106, 137, 162, 
163, 165 
drain cock for, 51 
steam -pipes and coils for, 51 
coil and tank for cresylic plant, 

106 
for benzol and naphtha plant, 137 
for crude pyridme rectification 

plant, 165 
for pyridine recovery plant, 162, 
163 
Condensers, 51, 106, 136, 137, 162, 

163, 165 
Condensing worms, 51, 106, 137, 162, 
163, 165 
coils, shape of, 50, 162 
metals used in construction of, 

51. 165 
corrosion of, 51 
Construction of tar stills, 20-35 
of fire-place, 37-39 
of flues, 37-43 
of storage tanks for tar, 14-18 

for creosote, 199 
of tar still bottoms, 27-28 



Continuous process for manufacture 
of carboUc acid, 108-112 
cresylic acid, 1 08-1 12 
tar distillation, 63-70, 85-86 
dehydration of tar, 63, 84 
tar acid extraction plant, 1 08-1 12 
Continuous stills, 63-70 
Cooler, pitch, French weir, 59 
Coolers, pitch, 59 

construction, 59 
Cooling tanks for naphthalene, 177 
Coolers for debenzolised oil, 210, 211 
Cooling water (gas-stripping plant), 

221 
Corrosion of condenser coils, 50 
of still plates, 20, 26 
due to ammonium chloride, 20, 
26 
sulphide, 20 
Costs, Works, for — 

Eitch getting, 1 90-1 91 
enzol and solvent naphtha, 158- 

159 
carbolic and cresylic, 121 

tar distillation, 87 
Creosote for Wells' oil, 76, 193 
Creosote, heavy, 74 

receivers for, 57 

light, 74 

distillation of by fire, 141 

of fractions from by fire, 141 
Creosote oil, 74, 75, 193-200 

for benzol recovery process, 197 

for black varnish, 196 

for lighting purposes, 76, 193 

for manufacture of greases, 196 

for sheep dips, and disinfectant 
fluids, 195, 196 

for timber preservation, 197 

volatility of, 199, 200 
Creosote oil for fuel, 194 

calorific value of, 194 
determination of, 242 

determination of specific gravity, 

235 
of coefficient of expansion of, 

241 

of flash point of, 241-242 

of " free carbon " in, 240 

of naphthalene in, 237-239 

of naphthalene in (Mann's 

method), 238 

of phenols in, 236 

of pyridine bases in, 241 

of water in, 235 

dimethyl sulphate test, 241 

distilling range, 239-240 

for brick intjustry, 196 
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Crosote oil for fuel — 

naphthalene in, determination of, 

237-239 

requirements of various specifica- 
tions. 198 

specific gravity of, 74-75, 198 

storage of, 199 

tar acids in, extraction of, 117 

variation of properties of, 193 
Cresols, chemical and physical pro- 
perties of, 113-114 
Cresylate (phenolate), springing of, 
122-125 

pump for, 91 

tanks or boilers, 90-91 
Cresylic acid, 112 

air blowing of distilled, 127-128 

CO, process for recovery of, 88, 

124. 125 
distillation of crude, 126, 127 
distillation test of, 250 
meta-cresol test, 251-253 
receivers, 94, 107 
still for, 105, 106 
sulphuric acid process for recovery 

of. 88, 123 
test for naphthalene and neutral 

oil in, 250 
for sulphur compounds, 251 
for sulphuretted hydrogen in, 

251 
for tar acids in, 250 

for water in, 250 

testing for specific gravity, 250 

tests, 250-253 

washing oils for, 1 08-1 12, 118- 
121 
Cresylite tests, 251-253 

test, short, 252 
long, 252 
Crown plates of still bottoms, 27 
Crude anthracene, 187 

drying of, 188 

plant for the manufacture of, 176 

pressing of, 187 

washing of, 187 
Crude benzol, 140-144 

fractionation of washed, 153-155 

rectification of, 153-155 

washing of, 1 41-144 

purification of, 222 

grades of, 222 

composition of, 222 

receivers (gas-stripping plant), 210 
Crude carbolic acid, specific gravity 

of, 126 
Crude cresylic acid, specific gravity 
of, 128 



Crude heavy solvent, washing of, 

141. 145 
Crude naphtha, 72 

distillation by steam, 139 
by fire, 138 

receiver for, 57 

specific gravity of, 73 

'Venation test for, 247 

washing of, 117, 138 
Crude pyridine bases, 172-173 

drying of, 172-173 

recovery of, from pyridine water, 
172-173 

rectifymg dried, 173—175 
Crude solvent naphtha, 1 39-1 41 , 1 44, 

145 
fractionation of washed, 155, 156 

rectification of, 155, 156 

removal of tar acids from, 141 

washing of, 141, 144-145 
Crystallising point of carbolic acid, 
124 

determination of, 253-254 
Curtain arch, 40 
" Cut " points, 73-76 

method used by stillmen to deter- 
mine, 76 



Debenzoused gas, 203, 204 

oil tanks, 204 

coolers for, 210, 211 
testing of, 261 
Debenzolising wash oil, 221, 222, 223 

still, steam supply to, 216, 217 
Dehydration of coal tar, 79-85 

plant for, 63 

continuous, 63, 84 
Dephlegmators for rectifying stills, 

135-136 
Dephlegmator, outside, 209 
Determination of naphthalene in 
coal gas, 261 
benzenoid hydrocarbons in coal 
gas, 259 
Dipping tap for tar still, 31, 33 
for preheater, 48, 49 
cock for preheater, 48, 49 

for tar still, 31 
rod, 33 
Discharge pipe of preheater, 48, 49 
Discharging of pitch, 77 
Disinfectant fluids, creosote for, 195, 

196 
Disinfectants, bacteriological 

method for testing, 242 
Distillates, methods of running to 
receivers, 56, 57 
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Distillation of coal tar, 71-87 
balance-sheet for, 87 
continuous, 64-70, 85, 86 
ammonia water stage in, 72, 73 
anthracene oil or green " oil 

stacre in, 75 
carbolic oil stage in, 74 
creosote oil stage in, 74, 75 
crude naphtha stage in, 72, 73 
light oil stage in, 73, 74 

of benzol, 153-155. 156-157 

of cresylic acid, 126, 127 

of crude naphtha by fire, 138 

by steam, 139 
of light oil by &:e, 139 
fractions by fire, 140 

by steam, 140 
creosote by fire, 141 
fractions by fire, 141 
of naphtha, 155, 156 
Distilling range of creosote oil, de- 
termination of, 239-240 
Divider tanks : carbolic or cresylic 

plant, 94, 96 
Dividing box or separator : tar dis- 
tilling plant, 53 
benzol and naphtha plant, 137 
cresylic distillmg plant, io6 
Drain cock for condenser tank, 51 
Drying tank for pyridine, 163 
Dust separator, 99, loi 

separating from COj furnace gases, 
99. 1 01 



Effect of water in wash oil, 216 
Egg, carbolic acid, 96, 98 

caustic soda, 163, 165 

pyridine acid, 161, 165 
Ejectors for foul gas main, 54, 55 

corrosion of cones of, 55 
Emptying of tank waggons, 1 3 

of keels and lighters, 14 
Estimation of caustic soda in caustic 

liquor, 258 
Evaporator for caustic soda, 104, 

105 
Examination of caustic liquors, 258 

of coke, 259 

of creosote, 235-242 

of lime mud, 258 

of spent liquors, 257 

of tar, 225-230 
Expansion, coefficient of, of creosote, 

241 
Extraction of benzenoid hydro- 
carbons from gas, theory of, 
218 



Factory and Workshop Act regula- 
tions, 283 
Filtering " salted out " oil, crude 
anthracene recovery process, 
187 
Filter press, 180 

tankforcausticising plant, 103, 104 
Finishing tank (carlx>iic or cresylic 

plant), 96 
Finishing the " springing " of tar 

acids COj process, 125, 126 
Fire-bars, 39 

bricks, 37 

clay, 37 

door of tar still, 39 

place, construction of, 39 
Firing, coal v. gas, 45 
Firing of stills, 45-47 
Firing, coking, 46 

spreading, 46 
Flash point of creosote, determina- 
tion of, 241 

of naphtha, determination of, 248 
Flue, single wheel, 41, 42 

construction of, 36-43 

double wheel, 41 
Flues of tar still, 36-43 
Foul gases, 54-56 

gas main, 54 

ejectors for, 55 

seal pot for, 55 

gases, methods of dealing with, 

54-56 
Craven and Colman's method of 

dealing with, 56 
oxide purifiers for dealing with, 56 
Foundations, concrete, 15 
setting of, 15, 36 
of tar stills, 36 
Fractionating column for cresylic 
still, 105, 106 
for blow-over stills, 131, 133 
for rectifying stills, 133-135 
columns, 106, 131-135, 165 
stills, 133. 134 
towers, 106, 131-135, 165 
Fractionation of crude cresylic, 126, 
127 
of washed crude benzol, 153-155 
of washed crude solvent, 155, 156 
Fractions collected when tar is dis- 
tilled, 2, 71-76 
Free carbon in coalite tar, 6 
Free carbon in creosote, determina- 
tion of, 240 
in pitch, determination of, 233 
in tar, 3, 6, 7-9 

determination of, 228 
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Fuel, economy of, 37, 45-47. 5° 
Fuel oil, coalite tar as, 5 
Fuel oil. 5, 194 

calorific value of, 194 
Furnace for making COj, 97-99, 100 

manipulation of, 125 
Furnace gases : CO, process, 124, 
125 



Gases from coke furnace, 124, 125 

per cent, of COg in, 125 

testing of, 258 
Gas firing, 43-47 

burners for, 43, 44, 45 

main, foul, 54 

sewer, 44 

V. coal for firing tar stills, 45 
Gas stripping, 201-224 
Gas-stripping plant, 204-21 1 

benzolised oil tanks for, 204 

condenser for debenzolising still, 
210 

crude benzol receivers for, 210 

debenzolised oil tanks for, 204 

heat exchangers for, 207 

meters for, 211 

oil coolers for, 210 

pumps for, 211 

preheaters for, 207 

separator for, 210 

scrubbers for, 204 

stills for, 208, 209 

washers for, 204 
Gas stripping, petroleum distillate 
for, 212 

description of process, 201-224 
Gas oil for gas stripping, 212 
Gas, debenzolised, 203, 204 
Gassing, use of oxygen in cases of, 

285 
Getting pitch, 1 89-1 91 

protection of workmen, 1 90-1 91 

tools for, 190 
Germicidal value of coal-tar disin- 
fectants, 242 
Gland cocks, ^y 
Grades of crude benzol, 222 
Greases, lubricating, 196 

creosote for manufacture of, 196 

formulae for, 196 
Green oil for gas stripping, 213 
Grinding machinery, for crude an- 
thracene recovery plant, 180 
Gurney jet, 94, 102 
Gutter, pitch, 60, 61 

construction of, 60, 61 

gates for, 61 



Heat exchangers (gas<stripping 

plant), 207 
Heavy bases, 170, 173, 175 
Heavy creosote, 74 
receivers, 57 
specific gravity, 75 
Heavy naphtha, preparation of, 155 
crude naphtha, 141, 145 
crude naphtha, method of wash- 
ing. 141. 145 
solvent naphtha. 155 
Heavy oils, 74-76 

Hennebique system of making rein- 
forced concrete, 15 
High heat tar, i, 3 
Hird's dehydration plant, 62, 63 
Home OflSce, regulations for tar 

distilleries, 283 
Horizontal retort tar, specific gravity 
of, I 
high heat tar, specific gravity of, i 
low heat tar, specific gravity of, i 
Hydraulic presses, 178, 179, 180 

steam heated, 180 
Hydrocarbons, estimation of, in 
benzol, 246 

Inspection chamber, 53, 54 
Interchange process in recovery of 

tar acids, 117-121, 124 
Iron, wrought, for stills, 20, 22-27 

cast, for stills, 20 
Iron, carbon in, 24 

Lagging of steam valves, 59 

of tar still domes, 26, 34 
Light creosote, 74 
distillation of, 141 

of fractions from, 141 
receiver, 57 
specific gravity, 74 
Light oil, 73, 117, 119, 139 
distillation of, by fire, 1 39 
of fractions from, by steam or 
fire, 140 
estimation of tar acids in, 250 

of pyridine bases in, 250 
receiver, 57 
specific gravity of, 74 
still, 130 
valuation of, 249 
washing of, 119, 120 
Lime, 115 

Lime mud, examination of, 258 
putty, 71 

slurry or mud, 116, 163, 171 
filter, 103, 104, 164, 165 
Low heat tar, i, 3 
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MACHINE; centrifugal, 177, 179 

grinding, 180 
Mains to distillate receivers, 56, 57 
Manhole lids, 33, 34, 48 

lid stool, 33 
Manholes, 33, 34, 48 
Measuring tar in storage tanks, 1 8 
Mechanical agitators, 88, 89, 129 
Meta-cresol, long test of, 252 

short test of, 252 
Metals used in construction of con- 
denser coils, 51, 165 
Metals used in construction of tar 

stills, 20-27 
Meters (^as-stripping plant), 211 
Middle oil, 74 

washing of, 120, 121 
Mid feathers, 42, 43 
Midland tar, 3, 5 

Mild steel for tar stills, 20, 22, 24, 25 
Monier system of reinforced con- 
crete, 15 

Naphtha, 155, 156 
crude, 72 

distillation by fire, 138 
by steam, 139 
determination of flash point, 248 
distillation of, 155, 156 

test of, 248 
estimation of pyridine in, 232, 248 

of tar acids in, 248 
estimation of specific gravity, 248 
heavy, 155 

plant for recovery of, 129-137 
preparation of 90 per cent, at 
160° C. solvent, 155 

of 75° F. flash solvent, 156 

of 85° F. flash solvent, 156 
recovery of , 138-148 
rectification of, 155, 156 
stills, 130-135 
testing of, 248 
valuation of crude, 247 
washers, 129, 130 
Naphthalene, 2, 182 

chemical and physical properties 

of, 182 
cooling tanks for, 176, 177, 210 
determination of, in coal gas, 261 
drained, 185 
plant for recovery of crude, 176- 

181 
pressed, 185, 186 
recrystallising crude, 184 
" salts," 73, 74, 184 
specific gravity of, 182 
test for, in creosote, 237-239 



Naphthalene — 

test for, in cresylic acid, 250 

" whizzed," 185 
Neutral oils, determination of, in 

cresylic acid, 250 
Nitrogen in tar, 3 
Northern tar, 3, 4 

Oil coolers (gas-stripping plant), 

207, 210, 211 
Oils for gas stripping, 212 
Oil, anthracene, 75 
distillation of, 186 
salting out, 187' 
creosote, 193-200 
fuel, 194 
Wells', 76, 193 
Oils, salting out, 184-187 
Olefines, 3 

Outside dephlegmator, 209 
Overflow cock, 33 

pipe of preheater, 48 
Oxide purifier for dealing with foul 

gases, 56 
Oxygen, use of, in cases of gassing, 285 

Paraffin bodies in coal tar, 3 
Peppers* patent continuous tar acid 

extractor, 110-112 
Pet cocks on tar storage tanks, 18 
Petroleum distillate for gas strip- 
ping, 212 
Phenlate, sodium, 114 

springing of, 117-118, 122, 123, 
124, 125 
Phenol, chemical and physical pro- 
perties of, 113 
Phenols, recovery of, 11 3-1 28 
Pipe lines for the conveyance of 

tar, 13, 14, 19 
Pitch, 76-78, 127, 189-192 
bay for coal tar pitch, 60, 61 
construction of, 60-61 
for cresylic pitch, 106 
preparation of, 78 
cancer, 1 91-192 
cock on tar stills, 35 
cooler, French weir, 59, 60 
coolers, 59, 60 
coolers, construction of, 59 
cooling, 76, 77, 78, 189 
depth to run to in bay, 78, 189 
determination of specific gravity 
of, 233 
of ash in, 235 
of " free carbon " in, 233 
of twisting point of, 233 
of volatile matter in, 234 
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Pitch- 
discharging of, 78 
getters, protection of, 1 90-1 91 
getting, 1 89-1 9 1 

cost of, 1 90-1 9 1 
getting tools, 190 
gutter, 60 

construction of, 60 
gates for outlets, 60, 61 
hard, 189 
medium, 189 
running off of, 76-78 
soft, 189 
tests, 233-235 
Pitch of rivet holes, 17, 23, 24 

of still dome, 26, 27 
Plant for the recovery of benzol, 
129-137 
of crude anthracene, 1 78-181 
of crude carbolic, 88-112 
of crude cresylic, 88-112 
of crude naphthalene, 1 78-1 81 
of naphtha, 129-137 
of pyridine bases, 160-165 
for the continuous dehydration 

of tar, 62, 63 
for the continuous distillation of 

tar, 63-70 
for the extraction of tar acids, 88, 

108-112 
for gas stripping, 204-211 
causticising, 103-105 

spent liquors, 103-105 
tar distilling, 20-70 
Plates, channel, 27, 28, 39 
corrosion of still, 20, 26 
crown, 27, 28 
lamination defects of wrought- 

iron, 22 
protection of still, 39-41 
sketch, 26, 27 

steel, for still construction, 20-25 
wrought-iron, for still construc- 
tion, 20-26 
Poisoning by carbon monoxide, 
symptoms of, 285, 286 
by sulphuretted hydrogen, symp- 
toms of, 286, 287 
Poisonous effects of varying percent- 
ages of COg and SH2 on 
human beings, 286, 287 
Preheaters, 48-50 
advantage of, 50 
charge pipe, 48 
charging of, 71 

coil, 50-51 

corrosion of, 51 
construction of, 48-50 



Preheaters — 

dipping tap or cock, 48 

discharge pipe, 48 

inlet and outlet fittings for coil 
for, 49 

manhole and lid, 48 

overflow pipe, 48 

swan neck, 48 
Preheaters for gas-stripping plant, 

207 
Prepared tar, 79-85 
Preserving timber, creosote for, 197, 

198 
Presses, filter, 180 

hydraulic, 178, 179 
Pressing rough or crude anthracene, 
187 

crude naphthalene, 185 
Process, " C," 201 
Producer gas, 44, 45 

sewer, 44 
Pump for carbolate or cresylate : 
COj process, 62 

for causticising plant, 104 
Pumps, emergency, 62 

for tar, 1 8 

for (gas-stripping plant), 211 
Purifiers, oxide, 56 
Purifying gases from COj furnaces, 

99 
tower, 99-102 

Purification of crude benzol, 146-1 48 

Pyridine, yield of, from coal tar 

light oils, 175 

Pyridine, 3, 141, 142, 166-175 

acid, 142, 144, 1 68-1 71 

dilution of, 168 

egg, 161 

neutralised, distillation of, 169— 

171 

neutralising, 169 

plant !or working up of, 160- 

165 
stills for neutralised, 1 61-162 

tanks, 160, 161 

bases, 3, 141, 142, 166-175 

drying of crude, 171, 172 

drying tank for, 163 

estimation of, in naphtha, 232, 

248 
estimation of, in benzol, 246 

in creosote, 241 
heavy, 170, 173, 175 
rectification of, 173-175 
rectifying still for, 164 

still, cleaning of, 1 75 
bottoms, storage tank for, 165 

refractionation of, 174-175 
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Pyridine bases — 

cadmium chloride test. 231 
determination of water in, 230 
distillation test of, 231 

of crude, 232 
German Federal Council speci- 
fication, 230 
limit of colour in commercial, 
231 
preparation of 90 per cent, at 

140° C, 173 
recovery, 166-175 

plant, condenser coil and tank 
for, 162, 163, 165 
solubility of, in water, 231 
test for ammonia in, 231 
test for oil in crude, 231 
tests, 230-232 
titration test, 231 
valuation test of crude, 233 
water, 1 71-173 
receivers, 163 
recovery of crude bases from, 

171-173 
recovery of crude bases from, 

by soda ash, 172, 173 

Railway tank waggons for tar 

carriage, 13 
Reaction towers, packed and plate 

types, 91-94 
Receivers, crude benzol, 210 

for ammoniacal liquor, 57 

for anthracene oil, 57 

for benzol, 137 

for bottoms : cresylic plant, 106 

for carbolic acid, 94, 107 

for coal tar distillates, 57 

for cresylic acid, 94, 107 

for crude naphtha, 57 

for heavy creosote, 57 

for light creosote, 57 

for light oil, 57 

for naphtha, 137 

for overflow tar, 57 

for pyridine water, 163 

for spent liquors, 95 

for tar acids, 94, 107 

mains to, 56, 57, 58 

pipe lines to, 56, 57, 58 

steam coils for, 57 
Receiving box, 51, 52, 56 

tanks, types of, 57, 58 
Recovery of benzpls, 138-148 

of naphthas, 138-148 

pyridine bases, 166-175 

from pyridine water, 1 71-173 

of tar acids, 1 13-128 



I Rectification of benzols and naph- 
thas, 149-159 
of crude benzol, 153-155. 156, I57 

solvent naphtha, 155-156 
of crude dried pyridine, 1 73-1 75 
Rectification stills, 133-135 
Reinforced concrete, Hennebique 
system, 15 
Monier system, 15 
tanks, 15-16 
Rideal- Walker test for disinfectant 

fluids, 242-245 
Ring, annular ; or tar still seat, 39, 

40 
Rivet holes, making of, in plates 

for tar stills, 23 
Riveting still plates, 23 

storage tank plates, 1 7 
Road ]£)ard, specifications for road 
treatment, 81, 82, 83 
specifications^remarks upon, 81 , 82 
Road tar, tables illustrating pro- 
perties of, 82-83 
Roofing felt, tar for preparation of, 

84 
Running off tar stills, 76, 77 

pitch, 76-78 
Run-off cocks, 35 



Safety contrivance, S pipe, 29, 30 
valves for tar stills, 28, 29 
examination of, 76 
Salted out oil, filtering of, 187 
Salting out oils, 184, 186 
tanks for (anthracene and naph- 
thalene plant), 176 
Scrubbers for gas stripping, 204 
Seal pot on foul gas main, 55 
Separation of ammoniacal liquor 
from crude naphtha, 72 
of dust from CO, furnace gases, 99 
of water from CO, furnace gases, 
102 
from crude naphtha, 72 
from tar, 71 
Separator, dust, 99 

water, in COg carbolic and cresylic 
process, 102 
Setting of stills, 39, 40 
Sewer, for producer gas, 44 
Shale oil for gas stripping, 212 
Sheep dip, creosote for, 195 
Sketch plates, 26, 27 
Sluice valve on storage tank, 1 8 
Soda-ash, causticising of , 11 4-1 16 
Sodium phenolate, 114 
cresylate, 114 
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Solubility of carbolic acid, examina- 
tion for, 253 

of pyridine, examination for, 231 
Solvent naphtha, 155 

heavy, 155 

90 per cent, at 160° C, 155 

90 per cent, at 165° C, 156 

60 per cent, at 190° C, 155 

75° F. flash, 156 

85° F. flash, 156 

manufacture of , 155, 156 
Southport debenzolising plant, 223- 

224 
Specific gravity of anthracene oil, 

75 
of anthracene, 183 

of benzol, determination of, 245 

of carbolic oil, 74 

of chamber retort tar, i 

of coalite tar, 5 

of creosote, determination of, 235 

of cresylic acid, determination of, 

250 

of crude carbolic, 126 

of crude cresylic acid, 128 

of crude naphtha, 73 

of heavy creosote, 75 

of high heat tar, i 

of light creosote, 74 

of light oil, 74 

of low heat tar, i 

of naphtha, determination of, 248 

of naphthalene, 182 

of pitch, determination of, 233 

of tar, I, 2, 5, 6, 7, 9, II 

determination of, 225, 226 

of vertical retort tar, i, 6, 7, 11 

Specifications for creosote, 197, 198, 

199 
for pyridine, 230, 231 

Spent liquor receivers, 95 

causticising, 116 
Spent liquors, examination of, 257 
Spreading firing, 46 
Springing tanks, 89 
Steam coils in storage tanks, 1 8 

in tar stills, arrangement of, 30- 

for condenser tanks, 51 
Steam distillation, 75, 138-141, 154- 

158 
Steam, introduction of, into tar 

stills, 75 
Steam heaters for benzolised oil, 

207 
Steam supply to debenzolising still, 

216, 217 
Steaming out tank waggons, 14 



Steel, mild, for tar stills, 20, 22, 24, 

25 
Steel plates for stills, shaping of, 22- 

23 
Still, tar, 20-35 

ashpit for, 39 

bottom, 24, 27, 28 

charge block for, 32, 33 

charging, 71, 72 

cleaning, 78, 79 

construction of, 20-35 

corrosion of, 20, 26 

continuous, 63-70 

design of, 20-28 

dipping tap for, 31, 33 

discharging or running off, 76—78 

dome, 25, 26 

double wheel flue for, 41 

firing of, 45-47 

fireplace for, 39 

flues for, 36-43 

foundations for, 36 

foundations, settling of, 36 

gas V. coal for firing, 45 

lagging of dome of, 26, 34 

manhole and lid for, 33, 34 

plates for, 20-26 

protection of bottom of, 39—41 

of channel plates of, 39-41 

of shell of, 41-42 
run -off pipe for, 35 
safety-valve for, 28, 29 
setting, 39, 40 
shell, 25, 26 
single wheel flue for, 42 
sizes of, 24 
steam coils for, 30-32 
steam inlet for, 30, 31 
swan neck for, 29 
swan-neck stool for, 29 
tar, gas burners for firing, 

43-45 
working of, 71-76 

for anthracene oil, 1 78 

for cresylic acid, 105, 106 

distillation of benzolised oil, 22 1 

for light oil, 130 

for neutralised pyridine acid, 161, 

162 

for rectifying pyridine bases, 164, 

165 
cleaning of, 1 75 
tank for charging cresylic into, 
104 
Stills, blow-over steam heated, 130, 

131. 132 
fire heated, 130, 131 
for crude naphtha, 130-132 



INDEX 



299 



Stills— 

for light oil, 130-132 
for redistilled light oil, 130-132 
Stool for safety-valve, 28 

for swan neck, 29 • 
Storage tank for pyridine bottoms, 

165 
Storage tanks, construction of, 14- 
18 
benzol and naphtha plant, 137 
brick, 16 

for carbolic and cresylic acids, 97 
for creosote, 199 
for tar, 14-18 
foundations for, 15 
reinforced concrete, 15, 16 
site for, 15 
wrought-iron, 16-18 
Strained oil for gas stripping, 212, 

213 
Stripping of gas, 201—224 

plant for, 204-211 
Sulphuretted hydrogen in cresylic 

acid, 127 
Sulphur, determination of, in tar, 
228 
in benzol, 246 
compounds, determination of, in 
cresylic, 251 
Sulphuric acid process of recovering 
tar acids from phenolates, 
88, 117, 123 
Sump for pump suction end ; COg 

tar acid recovery plant, 91 
Supply of wash oil to washers, 204, 

211, 219 
Swan-neck pr cheater , 48 
of tar still, 29 

Tables, Road Tar specifications, 81, 

82,83 
Tail pipe of cresylic still, 105 

of tar still, 35 
Tank, finishing (carbolic and cresylic 

plant), 96 
Tank for charging cresylic still, 104 
Tanks, causticising, 103 

divider (cresylic and carbolic 

plant), 94, 96 
for au: blowing, 107 
for caustic soda, 103, 163 
for condenser coils, 51, 106, 137, 

162, 163, 165 
for cresylate and carbolate, 90, 91 
for drying pyridine, 163 
for lime slurry or mud, 103, 104, 

164, 165 
for pyridine acid, 160 



Tanks — 

for recrystallising (naphthalene 

recovery process), 177 
for salting out (naphthalene re- 
covery process) , 1 76 
for (anthracene recovery process), 

179 
for springing, 89 
for washing, 88, 89, 129 
storage, reinforced concrete, 15 
wrought-iron, 16-18 
for benzol and naphtha plant, 

137 
for coal tar, 14-18 

for creosote, 199 

for tar acids, 97 

Tank waggons, 1 3 

emptying of, 1 3 

tip for, 13-14 

method of cleaning out, 14 

Tank, storage : sluice valve for, 18 

Tanks for debenzolised oil, 204 

benzolised oil, 204 

Tap, dipping, for tar stills, 31, 33 

Tar acids, 113 

COj process for recovery of, from 

phenolate, 88, 121, 124, 125 

in creosote, determination of, 236, 

237 
in crude naphtha, 138 

in light oil, determination of, 250 

in naphtha, determination of, 248 

in phenolate, determination of, 

254 
receivers for, 94, 107 

storage tanks for, 97 

sulphuric acid process for recovery 

of, from phenolate, 88, 117, 

123 
washers used in recovery of, 88, 

89 
Tar, its composition, i, 2 

effect of nature of raw material on 

chemical composition of, 2 
of nature of raw material on phy- 
sical properties of, i 
of temperature of carbonisation 

on composition of, 3 
of temperature of carbonisation 

of physical properties of, i 
carts, 14 
chamber retorts, specific gravity 

of, I 
dehydrated, 79-85 
determination of water in, 225 
of ash in, 229 
of free carbon in ; Hooper's 

method, 228 
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Tar, determination — 

of free carbon in ; Warnes's 

method, 228 
of specific gravity of, 226, 227 
of specific gravity of, Church's 

method, 226 
of specific gravity of, Lunge's 

method, 227 
of sulphur in, 228 
distillation of, 71-87 

ammonia water stage in, 72-73 
anthracene oil stage in, 75 
crude naphtha stage in, 72-73 
heavy creosote stage in, 74-75 
introduction of steam' during, 

75 
light creosote stage in, 74 

light oil stage in. 73, 74 

middle oil or carbolic oil stage 
in, 74 
distilling : Factory and Workshop 

Act regulations, 283 
emptying keels and lighters of, 14 
examination of, 225-230 
for Road treatment, 81-83 
for roofing felt, 84 
from cannel coal, 2 
from shaley coal, 2 
horizontal retort, high heat, 
specific gravity of, i 

low heat, specific gravity of, i 
how delivered to distillery, 1 3 
measuring of, in storage tanks, 1 8 
Midland, 3, 5 
Northern, 3, 4 
prepared, 79-85 
pumps, 18 

railway tank waggons, 1 3 
specific gravity of, i, 2, 5, 6, 7, 9, 

II 
stills, 30-35 

cast-iron, 20 

cleaning of, 78, 79 

construction of, 20-35 

corrosion of, 20-26 
metals used in construction of, 

20-27 
wrought-iron and mild steel, 20- 

27 
testing for yield of products, 229 
tips for railway tank waggons, 13- 

for carts, 74 
vertical retort, specific gravity of, 

I, 6, 7, II 
wells or storage tanks, 14-18 
Tar wells brick, 16 
coils for, 1 8 



Tar wells — 

foundations for, 1 5 

iron, 16-18 

reinforced concrete, 15-16 

sites for, 15 
Tar, Yorkshire, 3, 4 
Tar stills, annular ring or seat for, 

39,40 
bottom of, 24, 27, 28 

burners for gas firing, 43-45 

charging of, 72 

dipping cock for, 31, 32 

discharging pitch from, 77 

dome of, 25, 26 

double wheel flue for, 41 

flues, construction of, 36-43 

foundations for, 36 

settling of, 36 
high-pitched dome, faults of, 

26 
manhole and lid for, 33, 34 
". priming " of, during working, 

72 
Tar, coalite, 5, 6 

specific gravity of, 5, 6 
free carbon in, 6 
mains for, 13, 14, 19 
pipe lines for the conveyance of, 

13. 14. 19 
plant for dehydration of, 62, 63 

balance-sheet for distillation of, 

86,87 
acid extraction plant, continu- 
ous, 1 08-1 1 2 
viscosity of, 1,2 

ultimate products from Mid- 
land, 5 
from Duckham Woodhall vertical 

retorts, 12 
still, swan-neck stool for, 29 
distillation, continuous, 63-70, 85- 

86 
dehydration, continuous, 63, 84 
acids extraction. Peppers' patent 

plant, II0-II2 
acids extraction, Hird's patent 

plant, 1 08-1 10 
acids in wash oil (effect of), 216 
still, run-off pipe for, 35 
safety-valve for, 28-29 
shell of, 23, 24, 25 
single wheel flue for, 41, 42 
steam coils for, 30-32 

arrangement in, 30—32 
swan neck of, 29 
tail pipe for, 35 
thermometer for, 35 
stills, gas firing of, 43-46 
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Tar stills — 

making rivet holes in plates for, 

shaping of plates for, 22-23 
various sizes of , 24 
Temperature of wash oil, 216, 220 
Testmg benzolised and debenzolised 

oil, 261 
Testing coal tar, 225-230 
Thermometer for tar still, 35 
Thickness of plates used for still con- 
struction, 23 
Thickening of wash oil, 217, 220, 

221 
Timber, creosote for the preserva- 
tion of, 197, 198 
Tip, tar, for railway tank waggons, 1 3 

for carts, 14 
Tqluene, preparation of commerci- 
ally pure, 156-157 
chemical and physical properties 

of. 150-152 
in toluol, determination of, by 
Dr Colman's method, 262 
Toluol, preparation of 90 per cent, at 

120^ C, 156 
Tower, carbonating, 91, 92, 93, 94, 

95 
packed type, 91, 93, 95 

plate type, 91, 92 

fractionating, 106, 1 31-135, 165 

purifying, 99-101 

reaction, 91, 92, 93. 94» 95 

packedtype, 91, 93, 95 
plate type, 91, 92 

washing, 99-101 

Treatment of roads : Roads Board 
specifications, 81, 82, 83 

Twisting point of pitch, determina- 
tion of, 233 

Valuation of crude naphtha, 247 
of crude pyridine, 232 
of light oil, 249 
Valve, safety, 28, 29 
Valves, steam, lagging of, 58-59 
gun-metal, 58 
cast-steel, 58 
cast-iron, 59 
gate, 161, 162 
Vertical retorts, tar from, i, 6, 7, 11 
Viscosity of coal tar, i, 2 
Volatile matter in pitch, determina- 
tion of, 234 
Volatility of creosote, 199, 200 

Wash oil for gas stripping, 197-199, 
212-216 



Wash oil, effects of tar acids in, 216 
water in, 216 
amount of, in circulation, 219 
supply of, to washers, 204, 211, 

219 
temperature of, 216, 220 
thicKening of, 217, 220, 221 
debenzolising of, 221, 222, 223 
speed of, through still, 222 
Washers for gas stripping, 204 
Washing, benzol, 1 41-143 
crude naphtha, 138 
heavy solvent, 145 
solvent, 144, 145 
tanks for removing tar acids from 

oils, 88, 89 
tanks for washing crude anthra- 
cene, 180 
Washing out tar acids from oils, 
108-112, 1 1 7-1 22 
light creosote fractions for tar 

acids, 117, 120, 121 
light oil fractions for tar acids, 

117, 119, 120 
middle oil for tar acids, 120, 
121 
Washing tanks , benzol and naphtha 

plant, 129, 130 
Washing tower, for washing gases 

from CO, furnace, 99-102 
Water, ammoniacal, separating from 
tar, 71 
cooling (gas-stripping plant), 221 
determination of, in crude pyri- 
dine, 230, 232 
in carbolic acid, 253 
in creosote oil, 235 
in cresylic acid, 250 
in pyridine bases, 230 
in tar, 225 
separating from CO, furnace 

gases, 102 
separation of, from crude naphtha, 
72 
from crude pyridine bases, 171- 

173 
from crude pyridine bases by 

soda ash, 172 

separator (carbolic and cresylic 

CO, process), 102 

Water box, 53, 54 

Well, tar, construction of, 14-18 

foundations for, 15 

site for, 15 

Wells* oil, 76, 193 

Wheel flue, single, for tar still, 41- 

42 
double, for tar still, 41 
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Wood preservative ; creosote for, 

197 
Woodhall-Duckham vertical retort 

tar, 12 
Works experiments on washing oils, 

121, 122 
Works costs — 
benzol, 158, 159 
carbolic, 121 
pitch getting, 1 90-1 91 
tar distillation, 87 
Working of tar stills, 71-77 
Worm end, 51 



Wrought-iron for tar stills, 20-27 

Xylene, chemical and physical pro- 
perties of, 152, 153 
in toluol, determination of, by Dr 
Colman's method, 262 

Xylenes, preparation of commerci- 
ally pure, 156-157 

Yields of various distillates from 

tar, 4-12 
Yorkshire tar, 3, 4 



MAY 2 9 1919 



INDEX TO ADVERTISERS 



Alder & Mackay, Ltd. . 
Anoel (H. Reeve) & Co. 
Books ...... 

Blakeley (Firth), Sons & Co., Ltd. 

British Gas Purifying Materials Co., Ltd. ( 

Brotherton & Co., Ltd. 

Brown (J.) & Co., Ltd. 

Chemical Engineering Co., Ltd. (The) 

Clayton, Son & Co., Ltd. 

Cockey (E.) & Sons, Ltd. 

Cortin (J.), Ltd 

Cutler (Saml.) & Sons, Ltd. 
Davis Bros. ..... 

DoNKiN (The Bryan) Co., Ltd. 

" Gas World " . . . . 

Gibbons (B., Junr.), Ltd. 
Gibbons Bros., Ltd. 
Holmes (W. C, & Co.) Ltd. . 
HoLWELL Iron Co., Ltd. 

KiRKHAM, HULETT & ChANDLER, LtD. 

Lead Wool Co., Ltd. (The) . 
Leeds & Bradford Boiler Co., Ltd. 
Livingston (James), Ltd 
Page (Chas.) & Co. 
Porter & Co. .... 

Pott, Cassels & Williamson . 
Ramie Co., Ltd. (The) 
Stewarts & Lloyds, Ltd. 
South Metropolitan Gas Co. 
Taylor (Joseph) & Co. . 
Walker (C. & W.), Ltd. 
Welsbach Light Co., Ltd. (The) 
Whessoe Foundry Co., Ltd. (The) 
Williamson Cliff, Ltd. . 



The) 



i6 
4 

27 
28 

19 
29 

8 

7 
30 
18 

I 
22 

2 

30 
20 
21 

25 
23 
31 
10 

3 
26 

13 

28 

15 

14 

9 

17 

24 
6 

12 

5 
II 



303 



THE BRYAN DONKIN COMPANY 



UT^/KTTlEiy 



MAKERS OF 

GAS EXHAUSTING PLANTS in capacities from 
100 to 750,000 cubic feet per hour to suit all conditions. 

RATEAU TURBO EXHAUSTERS, BLOWERS 
and FANS. Driven by Steam Turbine, Gas Engine, 
Electric Motor or Belt, for Pressure Raising, Gas Com- 
pressing, dealing with Gas from Coke Ovens, etc. 

ROTARY BLOWERS AND COMPRESSORS of 

positive type for Industrial Purposes. A large number 
supplied for use in connection with Gas Furnaces, etc. 

RECIPROCATING GAS COMPRESSORS for 

High Pressures. 

COMBINED METER BLOWERS for Oxide Revivi- 
fication. 

PATENT DISTRICT GAS GOVERNORS, capable 
of reducing with accuracy any Pressure up to 50 lbs. per 
square inch down to the ordinary District Pressure in one 
stage. Absolute certainty of action under all conditions. 

HIGH AND LOW PRESSURE REGULATORS 

for Gas Services, Meters, Gas Fires and Stoves. 
(Thousands supplied.) 

GAS VALVES of all sizes and types for all purposes. 
Single and Double Faced. 

GLAND PLUG COCKS 

SERVICE CLAMPS AND FITTINGS 

TAR, LIQUOR AND WATER PUMPS 

High Pressure Qas Distribution Scliemes quoted for 

All our Machinery is of the very highest class and 
can be inspected under test before delivery 



HEAD OFFICE AND WORKS 

CHESTERFIELD, ENGLAND 
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LEEDS <a BRADFORD 
BOILER CO., LTD. 

STANNINGLEY 

Contractors to the War Office, the India Office, the 
Admiralty, the Crown Agents for the Colonies, etc. 

COMPLETE TAR DISTILLING PLANTS 




HIGH. CLASS TAR STILLS 

Tops and Bottoms pressed to shape by Special Hydraulic Machinery ; 

Kivet Holes drilled in position, which ensures the highest possible 

class of Tar Still made ; and all rivetting where practicable 

done by Hydraulic Machinery 

NEW STILL BOTTOMS 

BENZOL STILLS. WASHERS. AIR RECEIVERS. 

CONECNSING TANKS. SEPARATORS. DISTILLATE TANKS. 

STORAGE TANKS, PANS, WROUGHT AND CAST PIPING, 

COILS, ETC. 

Enquiries solicited lor all kinds ol RIvetted 5teel Plate Work 




All 
Free from Starch 



Secure the most accurate results in your experiments 
by using the Genuine British-Made Whatman Filter 
Papers ; there is a grade to suit every analysis. 
Whatman Series include single acid-washed, double 
acid-washed, hardened, fat-free, drop reaction papers, 
Extraction Thimbles, etc. 

Use a iilter paper on which you can absolutely rely — 
use Whatman. Ask your dealer to-day for informa- 
tion about 



f^iHLTER^ERS 

StockotI by all Laboratory Furnlthora 



In the ev 

free samplt 

H. REEVE ANGEL & COMPANV, 



of difficulty in obtaining supplii 
frite lo the Sole Silea Repi 
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Tar Distilling Plants 

THESE HAVE BEEN SUPPLIED 
BY US FOR DISTILLING FROM 
FIVE TO FORTY- TONS DAILY 

lt» 11^ 11^ 

PURE CONCENTRftTED 

?mnoNm PLaNTS 

BENZOL PLANTS 

lt» lt» lt» 

SULPflflTE OF flrtftONIfl 

PLSNTS 



lt» 



Gasworks Plant 

OF EVERY DESCRIPTION TWApE 

AND ERECTED IN ALL PARTS 

OF THE WORLD 

C. S^ W. Walker, lUtd. 

DONNINCiTON. NEWPORT-SaiOP 
London Office: 110 Cannon Street, E.C.'f 
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CLAYTON, SON & CO., L^ 

MOOR END, HUN8LET, LEEDS 

TELEGRAPHIC ADDRESS: QAS, LEEDS 



STRUCTURAL STEEL WORK 
STEEL CHIMNEYS 
BOILERS 
SCRUBBERS 
COOLERS 
CONDENSERS 
TANKS 
STI LLS 
RECEIVERS 
DEPHLEGMATORS 
CARBURETTORS, &c. 

FOR 
RECOVERY PLANTS 



INQUIRIES INVITED 



LONDON OFFICE : 60 QUEEN VICTORIA ST., E.C, 
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TUBES 



and 



FITTINGS 

Loose Flange Joint Tubes 

COILS 

of every description for Refrigeratton, Hot Water, Steam, etc. 

STEEL GAS BOTTLES 

for Compressed Air, Oxygen, Hydrogen, Acetylene, 
Carbonic Acid, Nitrous Oxide, and all otber Gases. 

Stewarts and Lloyds 



m 



GLASGOW 



LIMITED 

BIRMINGHAM 



LONDON 



IIHIIIililllllllllllllllllllllllllllllllllllllllllll 



IIIIIIIIIIIIIIIIM 



IX 



Aii^^MH^^Mfa 



THE LEAD WOOL CO. LTD. 

SNODLAND, KENT 




"LEAD WOOL" 

provides for caulking throughout the 

whole depth of the socket^ not face 

caulking only as with run lead 

THE LEAD WOOL JOINT 

IS STRONGER. CHEAPER 

and more convenient than any other 
method of jointing for Cast-Iron or 

Steel Pipes 

SILVER THREAD PACKING 

AND 

METALLIC YARN PACKING 

Metallic Packings most suitable for Gas 
Works^ use* Supplied in moulded rings 
or in rope form for Steam Compressors 

and Exhausters 



RETORTS 

COKE OVEN BLOCKS. 

xSKlwlVOf etc., for any required Situation 
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"SYO" 

specially toughened Silica 



Retorts made from clean and 

(Reff.) 



^^LUMA" Retorts, etc., in the best 
^"•«> grade of material giving 

high content of Alumina 

Enamelled and Segmental Retorts, 

Chrome, Magnesite, Carsil, Zircoma, and 

all kinds of Refractory Specials, 

Paints, Coverings and Glazes, etc,, 

to suit conditions 

WILLIAMSON CLIFF 

LIMITED 
STAMFORD. ENGLAND 

London Office : Telephone : 

17 MONUMENT STREET 16 Stamford 

E.G. Avenue 1771 London 
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WELSBAOH MANTLES 

UPRiaHT AND INVERTED 

THE ORIGINAL and STILL THE BEST 




THE LARGEST BRITISH GAS MANTLE FACTORY 
WANDSWORTH, LONDON, S.W.18 



ALL WELSBACH MANTLES 

British Made by Britisli Labour 



THE WELSBACH LIGHT COMPANY, LTD. 

"WELSBACH HOUSE," KING'S CROSS, W.C.I 

Telephoae : 2410 North (1 Lines) 
Telearami: "WELSBACH, KIKCROSS, LO^fDON" 

And at BIRMINGHAM, MANCHESTER, BRISTOL, HUUL 
LEEDS, STOKE-ON-TRENT, and DUBLIN 




47/51 KING WILLIAM ST. 
MERCHANTS EXPORTERS 

LONDON, E.G. 
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ZEIMAR" 



(Res:istered Trade Mark) 



GAS MANTLES 




BRITISH MADE THROUGHOUT 
BY BRITISH LABOUR 



SOLE MANUFACTURERS 

The Ramie Company, Limited 

(Warburton's Patents) 

Victoria Mills, Bredbury, near Stockport 



PRiCES ON APPLICATION 
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CENTRIFUGAL 

DRYERS 

FOR ^2 

ANTHRACENE 

NAPHTHALENE 

SULPHATE or AMMONIA, Etc. 



Machines suitable for Belt, 
Engine, or Electric Motor 
Drives. Central Bottom Dis- 
charge Valves 

See our new type of Ball Bear- 
ing Spindle, the most eco- 
nomical and efficient type of 
Spindle Head on the Market 



SEND FOR CATALOGUES AND PARTICULARS 
FROM THE MAKERS 

POTT, CASSELS & WILLIAMSON 

MOTHERWELL, SCOTLAND 



ALDER & MACKAY, Ltd. 



OAS DtmBKailOUMS WET UGTEBB 
OAS TEBT ABD EXPEBIMSNTAL 

METERS 
OAfl MAIN COOKB 



ISBO 
MANUFACTUR£RS OF 

OAB TBBT H0LDZB8 

OAB PRESBUaE OADOES 

OASLAKTEKirS 

0&8 AUroHATlO UOHTIHO INS 

EzmiainBHiHO appabatus 

FOB STBBET LAMPS 



PREPAYMENT GAS METERS 



Slot AtUcbmeDt 
Detichibti aod 
InterebuiSeable 




t tor Pennies 
ShiUings 
or any Coin . 

Desor/pt/ve List antt all Partloulara on Application 

New Gnage Works 



Edinl 
Tei Addre; 



irgb 



Vcntnor St. Woiks 

Bradford 

TeL Address 

"Alder, Bradford" 

Tel. Ko. 1122 



TeL Address 
AlderuEi Vic Londoo 
Tel. No. 7013 Victoria 

:eptral House, New Street 

BlnninKliuii 

Tel. Address 

" Alderugi, Blrminebani ' 



New South Wales 

Cable Address 
'■Plorer.Sydmj- 

Lower Taranaki Street 
WelUnEton 
New Zealand 
Cable Addresi 

"Batcher, WeUlngtou" 



COAL TAR 



AND 



AMMONIA PRODUCTS 



Benzole^ Toluole^ Solvent Naphtha^ 
Creosote Oils^ Grease Oils^ Car- 
bolic Acid^ Dark Cresylic Acid^ 
Granulated (Crude) and Sublimed 
Naphthalene^ Beta Naphthoic An- 
thracene^ Refined Tar and Pitch. 
Sulphate of Ammonia containing 
a guaranteed minimum of 25 per 

cent. Ammonia. 



FOR PRtCES APPLY TO THE 

SOUTH METROPOLITAN GAS COMPANY 

709 OLD KENT ROAD 
LONDON, S.E.16 



TeleoragihlG Address 

Inland : <* MBTROGAB, PECK, LONDON *' Fonign : ** MBTROGAS, LONDON 
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J. CORTIN, Ut 

Chemical Plant Manufacturers 

MUSHROOM BRASSWORKS 
ST LAWRENCE ROAD 

NEWCASTLE-ON-TYNE 




CI 
Talagrip^Ie Addrata — \^ 

Gortin, Newcastle on Tyne 

Talaphana Ha. SSt Cintrkl 

Bore AcldVelvB 

Sole Makers of 
CORTIN'S ACID VALVES : 




ELEVATORS, SILENT HEATERS 
PUMPS. TAPS, PLUGS, and SEATS 

Lead Burning Apparatus, &c. 

for Chemical Manufacturers 

ALSO 

GUN-METAL, PHOSPHOR, BRONZE, 
= WHITE-METAL CASTINGS = 

And Finished Brass Goods of Every Description 



CHEMICAL LEAD BURNING-A Speciality 






&TAR PRODUCTSti 



Benzol (pure) 


Anthracene 


Toluol (pure) 


Pyridine 


Xylol 


Refined Tar 


Solvent Naphtha 


Pitch 


High-Rash Naphtha 


Fuel Oil 


Solvene 


Black Varnish 


Naphthalene (pure) 


Oxide of Iron 


Carbolic Crystals 





Cresylic Acid 


Ammonia (am strenstbs) 


Orthocresol 


Ammonium Carbonate 


Metacresol 


Sulphuric Acid 


Creosote 


Nitric Acid 



BENZOL ABSORBING OIL 



Brotherton 

& Co., Ltd. 



Ammonia & Tar Distillers 



Works— 
BiriDlngliain 
Olajgow 



Clty Chambers 

Leeds 



ESTABLISHED 1834 



HIGH 
GRADE 

GAS 
RETORTS 
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FIRECLAY AND SILICA 
V GOODS ^ 

OF EVERY DESCRIPTION 



HlflHEST OUaUTY OHLY SUPPLIED 

B. GIBBONS. JuHR.. LTD. 

DIBOaLE WORKS 

DUDLEY 



TELEGRAMS : 
GIBBONS, LOWER QORNAL' 



TELEPHONE : 

2450 DUDLEY 



Gibbons Bros., 



DUDLEY 



Gas Mngineers 

SPECIALISING IN 

■ 

RETORT HOUSE BUILDINGS COMPLETE 
WITH INSTALLATION 

RETORT BENCHES, SETTINGS AND 

REGENERATORS OF EVERY DESCRIPTION 

CHARGING AND STOKING MACHINES 
(GUEST-GIBBONS PATENT) 

RETORT FITTINGS 

FURNACE FITTINGS 

ELEVATORS, HOPPERS, AND CONVEYING 

MACHINERY TO SUIT ANY PLANT 

TELPHER TRACKS AND RUNS 

GIBBONS & MASTERS PATENT TUBE FLUES 

GIBBONS & MASTERS PATENT A B C TILES 



BRANCH 
OFFICES : 



/London— Walter House, Strand, W.C.2 
Manchester— 85 Trevelyan Building^, Corporation Street 
Cardiff— 57 Westbourne Road, Penarth 
Newcastle District— Staffa House, Middleton St George, 

Co. Durham 
Melbourne— 340 Spencer Street 
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DAVIS BROS. 

Chemical Engineers 

LONDON . . . MANCHESTER 

265 Strand, W.C. 66 Deansgate . . 



TRAVIS BROS, were among the first 
to adapt the Column Still to the 
recovery of Ammonia from Gas Works 
Liquor, and have been makers of Con- 
tinuous Ammonia Stills and Sulphate 
Plants since 1885. 

SPECIALITIES- 
TAR DISTILLATION PLANT 

SULPHATE OF AMMONIA PLANT 
AMMONIA STILLS 
ANHYDROUS AMMONIA PLANT. 

PATENT "TREPEX" GAS 
WASHERS .... 



AMMONIA LIQUOR PLANT . 
MURIATE OF AMMONIA PLANT 

SULPHURIC ACID PLANT 

ACID DEARSENICATION 

(with Waste Saturator Gases) 



Telephones ; Telegrams ; 

13693 Central London "Trepex London" 

3060 Central Manchester "Expert Manchester" 
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MANUFACTURERS OF 

CAST-IRON STRAIGHT PIPES 

FLANQED OR 800KET AND 8PIQOT 
UP TO 4 METRE LENGTHS 

FOR GASWORKS & WATERWORKS 



SPECIALS 

for Socket and Spigot, Flange, Hydraulic and Steann Pipes 

TUBBING PLATES 

for Collieries and Mines 

HEAVY CASTINGS 

of all descriptions up to 30 tons weight 

CONSTRUCTIONAL CAST-IRON 

and General Fittings for Gasworks 

CI. Retorts, Rotort Ends, Brldfl^o, Dip and 
Asconslon PIpos, Syphons, &c 

OPEN SAND CASTINGS 

Floor Plates, Furnace Castings, dc. 
Contractors to 



WORK 



The Gas Liffht and Coke Co. 
Tottenham and Edmonton Gas Co. 
Liverpool United Gas Lig^ht Co. 
British Gas Liffht Co. 
Worthing Gas Lig^ht and Coke Co. 
Colombo Gas and Water Co. 
San Paulo Gas Co. 
Southampton Gas Liffht & Coke Co. 
Brighton and Hove Gas Co. 
Birmingham Corporation, Gas and 

Water. 
Belfast Corporation Gas. 
H.M. War Office. 



H.M. Admiralty. 

India Office. 

Crown Agents for the Colonies. 

Natal Government, &c. &c. 

Metropolitan Water Board. 

South Hants Water Works Co. 

London County Council. 

Manchester Corporation. 

Leeds Corporation, Gas and Water. 

Nottingham Corporation, Gas and 

Water. 
Leicester Corporation, Gas and Water, 
and many others. 



HOLWELL IRON CO., m 

A8FORDBY, nr. MELTON MOWBRAY 

TEL. Ad.— "HOLWELL ASFORDBY." P.O. TEL.— NO. 36 MELTON MOWBRAY 

AGENTS 

Manchester and District: GEO. BRADSHAW & CO., 64 Cross Street, Manchester 



Tel.— "Ferro Manchester. 



Nat Tel.— 1572. 



Ireland: ROBERT KIRK, 3 and 5 Exchange Street, Belfast 
Tel.— "Robert Kirk Belfast." Tel.— 519. 
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SULPHATE of AMMONIA 
SATURATORS 



OVER S4S SATURATORS DELIVERED 
DURING THE LAST FEW YEARS 




JOSEPH TAYLOR & CO. 

Cbemical Plant €naln«<ri 

BLACKHORSE STREET MILL 

BOLTON 



CONTINUOUS DISTILLATION 



OF 



COAL TAR 

^^^^^ ^^^"^ ""^"^^ t 

Hird's Patent Process 

low working cost 

automatic and 
simple: to operate 



Distillates and Pitch discharged 

continuously and simultaneously 

after initial acljustnnent 

No skilled supervision required 

Particulars from the 

SOLE MAKERS: 



W. C. HOLMES 



& Co., Ltd. 

GAS AND CHEMICAL ENGINEERS 

WORKS AND HEAD OFFICES: 

HUDDERSFIELD 

Telegrams: Holmes, Huddersfleld Telephone 1573 



JAMES LIVINGSTON, V^- 

SPECIALISTS IN COMPLETE PLANTS FOR 

COAL TAR PRODUCTS, the higher 
INTERMEDIATES and DYESTUFFS, &c. 

Sole European Representatives for 

J. p. DEVINE CO., BUFFALO, N.Y. 

Largest Makers in the World of 

VACUUM DRYING, EVAPORATING 
IMPREGNATING, DERESINATING 
and SOLVENT RECOVERY PLANT 



The fottowing FACTS map be of interest :— 

Since the outbreak of War, the J. P. D. Co. have built and 

supplied to ALLIED COUNTRIES 

Over 800 VACUUM DRYKR8 

Over 350 COMPLKTK PLANTS for CHeMICAL and DYE PRODUCTS 

CHBMICAL PLANT AUXILIARIES, such mm AUTOCLAVES (many 

hundreds), STILLS (up to over 11,000 Qailons capacity) 

PRAOTIONATINQ COLUMNS, KKTTLBS (Nitratinir, Sulphonatin^ 

Fusion, &C. &c), PERCOLATORS, &c, of a value of 

OVER £1,000,000 STERLING 



We invite Enquiries on all Chemical problems, and assure hearty 
co-operation and secrecy. Correspondence in Clients' own Languages 

AN Cotntnunlcatlons to 

JAMES LIVINGSTON, Ltd. 

(for over 20 years at Great St Helens,- EX.) 

VACUUM DRYING, SOLVENT RECOVERY, AND 

CHEMICAL PLANT EXPERTS 

SARDINIA HOUSE, KINGSWAY, LONDON, WX.l 

Teieiri'a.me and Cables— Telephone— 

"CINERARY, LONDON" HOLBORN 8S 
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FIRTH BLAKELEY, SONS & CO. 

LIMITED 

CHDRCH FENTON, near LEEDS 

nm^ 'm '^mi 

Gas and Chemical Engineers 

SECOND-HAND PLANT SPECIALISTS 
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WE ALWAYS KEEP A LARGE STOCK 
OF QOOD OVERHAULED SECOND- 
HAND PLANT, AND AT ALL TIMES 
GUARANTEE SATISFACTION 

SEND US YOUR ENQUIRIES 
CONSTRUCTIONAL IRONWORK 
STEEL BUILDINGS ERECTED 

FIRST CLA55 WORKMANSHIP 

IB* Ifc lih 

ASK J?OJJ STOCK LIST 



THE BRITISH GAS PURIFYING 
MATERIALS COMPANY. Ltd. 

(W. T. P. CUNNINOHAH, Chief Proprietor and Hanaging Direetor) 



MINERS OF ENGLISH BOG ORE 
AND RICH NATURAL HYDRATED 

OXIDE OF IRON 
DEALERS IN SPENT OXIDE 



Registered Offices — 

13 ARCADIAN GARDENS, WOOD GREEN 

LONDON, N.22 

Telegraphic Address — Telephone — 

"BRIPURIMAT, WOOD-LONDON " "PALMER'S GREEN, 6 08" 



WE SPECIALIZE 

IN SMALL GAS WORKS 

and solicit enquiries for 

EXTENSIONS & RENEWALS, GASHOLDERS 

PURIFIERS, CONDENSERS, WASHERS 

SCRUBBERS, WATER TANKS 



PORTER ^ CO. 

Gas Engineers 
LINCOLN 

ES TABU SHED 1866 
Teleg^rams : Telephone : 

"PORTER, LINCOLN" 266 
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"BROWNOX-DE-LUXE" 

PURIFYING MATERIAL 



SPENT OXIDE PURCHASED 



SULPHURIC ACID 

for 

Sulphate of Ammonia 



TAR PRODUCTS 



ENQUIRIES SOUaXED 



J. BROWN & CO., LTD, 

8AVILE TOWN 

DEW8BURY 
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Iron Founders and Constructiondl Engineers 



MANUFACTURERS OF ALL DESCRIPTIONS OF PUNT FOR 

GAS WORKS, COKE OVENS and 
RESIDUAL PRODUCTS WORKS 



NON-MECHANICAL WASHERS 

TUBULAR CONDENSERS 

FRACTIONATING CONDENSERS 

DEPHLEGMATORS 

TAR DEHYDRATION PLANTS 

STORAGE TANKS, &c. &c. 

Works : London OiBce : 

FROME, SOMERSET 89 Yictoria Street, Westmingter, S.W.I 



Notice 

to those interested in 

Coking and By-Products 

A Coking and By-Products Section appears in the first issue of 
"The Gas World '^ each month. Copies containing it will be sent, 
post free (in the United Kingdom), for 5s. per annum. Single copies, 
price 4d. ; by post 5d. 

The above Section is the official organ of the Coke Oven Managers' 
Association. 

This Section contains reports of meetings, descriptions of plant and 
apparatus, papers relating to Coking and By-Products and much 
general information concerning the industry. 



The annual subscriplion to "The Gas World," if sent weekly^ including a copy of "The 
Gas World" Year Book, is, United Kingdom, 19s. 6d. prepaid. Abroad, 21s., prepaid. 

"The Gas World" Offices, 8 Booverie Street, London, E.C.4 
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Patent "Standard" 
Centrifugal Washer 

For Extraction of Ammonia, Cyanide, Naphthalene 
Benzol, etc., from Coal and other Oases 




Ii'SSLcSSl gJi^ 192,320,000 cubic feet 
KIRKHAM, HULETT & CHANDLER, LTD. 

37 & 38 Norfolk House, Norfolk Street 
STRAND, W.C.2 

Tclezrun*— " Wuher Bstrand, London" 'PtiaiiG-1343 CItj 
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BY-PRODUCT COKING 

By G. STANLEY COOPER 

B.Sc.(Hons. Lond), P.C.S., M.I.Min.E., etc. 

Demy Svo. With 65 Illustrations, Price 7§. 6(1. net 

CONTENTS 

Importance of the Coking Industry. The Nature and Preparation of Coking Coals. 
Development of the Bv-Product Oven. The Working of a By-Product Coking 
Plant. Systems of Coke Ovens. Coal and Coke Handling Machinery- and' 
Gas Exhausters. The Recovery of Tar and Ammonia. The Recovery of 
BenaoL The Utilisation of Surplus Coke Oven Gas. Tar Distillation. 
Chemical Tests. Future Development of tha Industry. 

The Iron and Coal Trades Review says :— " The carbonisation of coal in by-product ovens 
has now become an industry of national importance, and as there was a lack of a suitable 
text-book on the subject illustrating British practice, it was the aim of the author, the late 
Mr G. Stanley Cooper, the well-known expert, to supply this need. The book is intended 
primarily for the student, but can be perused also profitably by a wider circle of readers, as 
all intricate technical explanations have been avoided as much as possible, while the expert 
may also find food for thought in its pages." 

American Gas Engineering Journal says: — "An exceedingly useful and well-prepared 
book on a subject upon which there is an insufficiency of available literature." 

7 he Science and Art o/" Mining ssLy^ : — "On the whole the book is an admirable intro- 
duction to the subject, and will prove very useful. The theoretical and practical sides of the 
various topics are well blended, and we highly recommend the book to our readers." 

The Colliery Guardian says : — " We can commend this book for the excellent account it 
affords of existing practice in by-product coking." 



"The Gas World" Offices, 8 Booverie Street, London, E.C.4 



THE MANUFACTURE OF 

Sulphate of Ammonia & Crude Ammonia 

By GASCOIGNE T. CALVERT 

SECOND EDITION. REVISED AND ENLARGED 
Demy ?>vo. With Illustrations, Price 7s. fid. net 

A book for the use of practical men. Contains full working details as to 
the manufacture of Sulphate of Ammonia, designed to meet the requirements 
of large and small makers of Sulphate. 

CONTENTS.— Sulphate of Ammonia. The Raw Materials. Plant required for the 
Manufacture of Sulphate of Ammonia. Starting, Working and Stopping the 
Plant— Difficulties in Working and their Remedies. Cost of Manufacture of 
Sulphate of Ammonia. Manufacture of Crude Ammonia or Concentrated 
Ammoniacal Liquor. Manufacture of Sulphate of Ammonia in Small Works. 
Miscellaneous : Alkali, etc., Works Regulation Act, 1906 — Factory Acts 
(Special Regulations)— Respirators— Sulphuric Acid— Ammoniacal Liquor- 
Analysis of Waste Gases, etc. 

REVIEWS OF FIRST EDITION 

The Chemical Trade Journal says : — " Much in advance of the ordinary text-book or 
treatise on technical chemistry. . . . ' 

The Colliery Guardian says: — "This book should be particularly welcome to colliery 
owners and managers. The author is well qualified^ to deal with this subject, and has done 
so in a clear and attractive style. ... In the description of starting, worlcing and^ stopping 
the plant the author is particularly happy, and the practical information given in this chapter 
is of much value. . . . Mr Calvert has given us a thorough^ reliable work, which, in the 
scope he has taken, can be confidently recommended to those interested." 

'<The Gas World" Offices, 8 Booverie Street, London, E.C.4 
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